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NOTICE

This report was prepared as an account of C_vemment sponsored

work. Neither the United States, nor the National Aeronautics

and Space Administration (NASA), nor any person acting on
behalf of NASA:

A.) Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or' usefulness of the information contained in this

report, or that the use of any information, apparatus,

method, or process disclosed in this report may not

infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of,

or for damages resulting from the usa of any infer-

marion, apparatus, method or process disclosed in

this report.

As used above, "person acting on behalf of NASA" includes

any employee or contractor of NASA, or employee of such con-

tractor, to the extent that such employee or contractor of NASA,

or employee of such contractor prepares, disseminates, or

provides access to, any information pursuant to his employment

or contract with NASA, or his employment with such contractor.

Requests for copies of this report
should be referred to:

National Aeronautlcs and Space Admlnlstratlon

Scientific and Technical Information Division

Attention: USS-A

Washington, D.C. 20546
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FOREWORD

The work described herein was performed under National Aeronautics

and Space Administration Contract NAS 3-4169. Experimental work was performed

at the General Electric Company Research and Development Center in Schenectady,

New York, by Messrs. W. S. Knapp and K. H. Malmstrom_ project engineering and

report preparation were performed by Dr. R. B. Fleming. The program was

administered for the General Electric Company by Dr. J. W. Sen_nel, Jr.,

Manager, Materials and Processes, Space Power and Propulsion Section, Missile

and Space Division in Cincinnati, Ohio. Mr. R. A. Lindberg acted as Project

Manager for the National Aeronautics and Space Administration, and Mr. C. A.

Barrett of the Lewis Research Center contributed significantly to technical

aspects of the program.
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i. INTRODUCTION AND SUMMARY

The program described by this report was conducted to determine the

oxidation rate, or gettering rate for exygen_ of columbium_ zirconium, and

tantalum alloy specimens under conditions of low pressures and high temperatures.

A total of 15 exposures were conducted during the program, with oxygen

-5 -8
partial pressures at levels ranging from about 10 torr to 5 x l0 torr, and

temperatures at levels of 885 °, 950 ° , 980°_ and II00°C.

The gettering rates were established by the method of measuring the

pressure drop across a known flow conductance, from whiqh the oxygen gas mass

flow rate (equal to the gettering rate) can be computed. A knowledge of the

pressure directly over the specimen_ plus knowledge of the gettering rate, can

then be used to calculate the "sticking factor" (that fraction of total

molecules striking the specimen, which do not rebound). The sticking factor

is the item of primary interest in these experiments.

In addition to the 15 exposures_ the program included several experiments

which were conducted to determine various pressure gage characteristics, and

an analysis was made of pressure distribution throughout the system.

The scope of the investigation was confined to exposing the specimens to

the various environments and documenting the data and experimental conditions.

Subsequent evaluation of the exposed specimens by chemical and metallurgical

techniques_ and reduction of data, were conducted at the Lewis Research Center

of the National Aeronautics and Space Administration. The work performed by

the General Electric Company was done at G.E.'s Research and Development Center

in Schenectady at the request of the Space Power and Propulsion Section,

Missile and Space Division.
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2. N_NCLA_

The sketch below and the following list will define the symbols used.
"Pump" "Sample"

Gage Gage

-- "Quartz"

f Gage

PA IPB I_2 _--_

Qo _QI -_Q2

L -
!_ To _ _ T1 _ Specimen

Co ---------_4-- Cl ---_--C2 -_

_--LI ---_-L2 _-_

L r

A = Tube cross-sectional area (cm 2)

B = A constant; see Section 5

C = Conductance, defined by Q = C /%p (liters/sec)

D = Internal tube diameter (cm)

G = Mass flux _ sec -I cm "2)

K = Clausing factor, a function of L/D

L = Length, along tube axis (cm)

= Mass flow rate (g/sec)

M = Molecular weight of gas (g/mole)

p = Pressure (tort)

Q = Flow rate in terms of pressure x volume flow rate (proportional to mass

flow rate at a given temperature) (tort liters/sec)

R = Gas constant (62.3 torr liter mole "I deg K-I) or (8.31 x 107 dyne cm mole -I

deg K-1)

T = Absolute temperature (deg K)

V = Volume flow rate (liters/sec)
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3. EXPERIMENTAL APPARATUS

Exposures were conducted in two different vacuum systems. One system, which

was used during the period preceding the present program, and modified for the

present program, is designated the "10 -8 system" inasmuch as the system is

capable of achieving pressures in the low 10 -8 turr range after bake-out.

The other system, constructed early in the present program, is designated the

"i0 -I0 system" because the system -- by virtue of its design and construction --

is able to reach the mid 10"10 torr range after bake-out.

The schematic below is common to both systems, and indicates the scheme

used to determine gettering rates.

Oxygen Introduced

through

Silver Leak "Pump

Gage"

N
_°mps

Flow of 02

"Sample "Quartz

Gage" Gage"

PI P3

N N_
)

_imen

Co

System Schematic

The gas flow rate, Qo, is determined by measuring the pressures, Po and Pl,

and then using the equation

Qo = Co to - Pl )

where Co is the known flow conductance between pressure gages. In the systems,

this conductance consists of a right circular cylinder of accurately measured



dimensions, from which CO is calculated.

Details on the construction Of the flow conductances and calculation of

CO are given in the Appendix, Section 9-i.o

The ion gage measuring pressure P3 is used, with a thermal transpiration

correction, to determine the pressure directly over the specimen, P2" This

pressure is needed to establish the sticking factor.

3-1. Description of 10-8 SYstem

The 10-8 system is shown schematically in more detail in Figure i,

with dimensions of various elements given. Not shown is the pumplnE system,

which consists of a 115 liter/see oil diffusion pump, a non-mlgrating optically-

tight liquid nitrogen trap, and a forepump.

A photograph of the 10 -8 system is given in Figure 2, showing the

specimen furnace removed and the induction heater coll in place. For bake-out

of the entire system, a large bake-out furnace was lowered over the table, and

the strip heaters were used to produce a 350°C bake-out temperaturel

Introduction of oxygen to the system was accomplished with a heated

silver permeation membrane. It was found that with constant specimen gettering

rate and with approximately one atmosphere of 02 applied to the membrane, the

system pressures held constant for many days. The silver membrane leak was found

to be relatively insensitive to small 02 pressure changes on the atmosphere side.

The vacuum system usually reached the low 10 -8 torr range after

bake-out, before 02 was admitted. This was sufficiently low, inasmuch as the

lowest exposure pressure was 10-7 tort.

The specimen was normally brought up to temperature by a resistance-

heated furnace. This furnace also heated the quartz walls surrounding the

specimen. In order to test the effect of room temperature walls, an induction

heater was used for two exposures _o. 12 and No. 15).

(*)
For example of thermal transpiratio_ correction, see Appendix, Section 9-2.
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3-2. Description of i0"I0 System

The i0"I0 system is shown schematically in detail in Figure 3. The

significant differences between the I0"I0 and 10-8 systems are_ (i) the i0-I0

system has considerably higher pumping speed and therefore can attain lower

pressures because of larger diameter piping between traps and system; (2) on

the I0 -I0 system there are tw.__ootraps (instead of one) in series, with the trap

nearest the system being a bakeable trap; and (3) the i0-I0 system has a double-

walled quartz tube surrounding the specimen, with provision for vacuum pumping

between the walls, to prevent helium permeation.

Photographs of the i0 "I0 system are given in Figures 4 and 5.

The pumping system for the i0"I0 system consisted of the two non=

migrating optically=tight traps in series, each of which was cooled with liquid

nitrogen, two 115 liter/sec diffusion pumps in series, and a forepump. The

upper trap was bakeable with the system.

Bakeout and introduction of oxygen into the system were accomplished

the same as in the 10-8 system.

After bakeout, but before admission of oxygen, pressures in the i0"I0

system usually reach the mid to high i0-I0 torr level. However, two overnight

bakeouts were generally required to reach this pressure.

3-3° Instrumentation

Ion gages

The ion gage tubes were General Electric model 22GT-I02, which

contain one thoria-coated iridium filament and one tungsten filament. Only the

thoria-coated filaments were used. These filaments were preferred t_the

tungsten because of longer life and a reduction in the rate of conversion of

02 to CO at the filament.

-9-
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The ion gage tubes were operated initially at 0.i ma. However, after some

instabilities were observed in their operation (1) it was decided to increase

the emission current to 1 ma. This was done just prior to the third exposure,

and the gages were re-calibrated at 1 ma.

Two types of ion gage control panels were used. On one system, three

Consolidated Vacuum Corporation _.V.C.) type GIC-100 ion gage controllers were

used. On the other system, there were three General Electric model 22GC-I01

panels. Just prior to the llth exposure, the control panels and tubes were

switched between systems, so that the General Electric control panels ended up

on the 10-8 system and the C.V.C. control panels ended up on the i0 -I0 system.

The reason for this switch was that the General Electric control panels did

not appear to be affected by the high frequency field created by the induction

heater which was installed on the 10-8 system toward the end of the program.

Although the gage tubes and G. E. panels were not affected by the field

set up by the induction heater, there was initially _rior to the 12th exposure)

a problem with a gage instability which seemed to be due to a charge building up

on the glass walls after the induction heater was on for a period of time. This

problem was eliminated by wrapping aluminum foil around the main glass tube near

each ion gage, on the induction-coil side of the gage. The aluminum f0il was

then electrically grounded. The "quartz gage" _3 ) was also shielded with a

grounded flat copper plate on the induction coil side of the gage.

Mass Spectrometer

The mass spectrometer tubes used to determine gas composition were

(1)These instabilities may have been similar to those described by G. Carter and

J. H. Leck: "Bistable Behavior of the Bayard-Alpert Ionization Gauge",

British Journal of Applied Physics, Vol. i0, August, 1959, p. 364. In addition,

errors at low emission currents were described by J. W. Ackley, C. Fo Lothrop,

and W. R. Wheeler, in the 1962 Transactions of the American Vacuum Society.

Both conditions _he instability and the low emission error) were predicted to

be improved by increasing the emission current to i ma. No further difficul-

ties were experienced at I ma emission.

-13-



General Electric model 22PT-I03 Glass Analyser Tubes with thoria-coated iridium

filaments operating at i ma electron emission. The control panel used for read-out

was a General Electric Partial Pressure Analyser Model 514. The mass spectro-

meters were calibrated with knowngases at the beginning of the program.

Temperature Measurement

Measurement of specimen temperature was by means of a Leeds & Northrup

Optical Pyrometer, Catalog No. 8622-C. The pyrometer was calibrated prior to

the start of the program. In this initial calibration, two different specimens

of columbium were observed through a belljar at a true temperature of iii0 deg C

(the true temperature being established by thermocouples). The average "effective

emissivity" _fter correction for the transmittance of the glass) was calculated

from these observations to be 0.58. This effective emissivity was then used with

the standard Planck's law formula to establish a table of observed and corrected

temperatures at a wave length of 0.65 microns.

tion table follow:

Observed Temperature

Selected values from this correc-

True Temperature AT

Correction

DegC

1125 852 1157 884 32

1215 942 1252 979 37

1330 1057 1375 ii02 45

These values can be found in "Corrected Optical Pyrometer Readings", N. B. S.

Monograph 30, 1961, by D. E. Poland, J. W. Green, and J. L. Margrave.

The small variation in emissivity with temperature was not accounted

for, as the effective emissivity of 0.58 was assumed constant throughout the

above range.

At the end of the last exposure, the pyrometer was calibrated again,

this time against a standard tungsten ribbon filament which had been calibrated

-14-



by the N. B. S., and which had an uncertainty of _ 3 deg C in the 900 to II00

deg C range. The pyrometer reading was found to be within _ 3 deg K of the

"brightness temperature" of the standard filament throughout the range of interest.

Therefore, the brightness temperature indication of the pyrometer is

quite accurate (to within perhaps _ 6 deg C); the only question is regarding the

specimen emissivity. If the effective emissivities of all specimenswere close

to 0.58 _orresponding to an actual emissivity of about 0.63 before correcting

for glass losses), then the specimen temperatures given in this report are

estimated to be accurate to within about _ 6 deg C. However, the range of

spectral emissivities for columbiumand tantalum in the literature is quite

large, possibly from as low as 0.37 to as high as 0.77 at a wave length of 0.65

microns.

The Thermophysical Properties Research Center at Purdue University

has supplied the value (under TPRCSerial No. 28741) for spectral emissivity

of columbium at 0.65 microns of 0.42 _ value which holds quite well over the

range ii00 deg K to 1500 deg K). The value of 0.42 whencorrected for glass

losses gives an effective emissivity of 0.39; the resulting /_T correction at

980 deg C true temperature would be about 64 deg C, compared with the correc-

tion of 37 deg C used in this experiment (see table above). Thus, the

correction used could be 27 deg C in error, under the above assumptions, at a

true temperature of 980 deg C.

-15-



4. EXPERIMENTAL PROCEDURES

A condensed list of steps in preparing the apparatus and conducting the

exposure isgiven below.

4-1. Preparation of Apparatus

_) The first step in preparation was to load the specimen on a

"sleigh" and then to seal off the glass system. The specimen was first located

on the sleigh near the P3 ion gage so that the specimen furnace could subse-

quently be raised in temperature (see step (f) below) while the specimen still

remained cool. The specimen was generally located with identifying numbers

facing upwards and at the end facing toward the oncoming oxygen stream.

(b) The next step was to flush the system with dry nitrogen gas

at a pressure of 300 to 500 microns Hg for 16 to 24 hours.

_) The trap was then filled with liquid nitrogen (only the lower

trap was filled on the I0-I0 system at this time), the nitrogen gas bleed was

shut off, the diffusion pump was turned on (both diffusion pumps on the i0-I0

system).

_) The system was then pumped to the 10-6 torr level and leak

checked.

_) Next, the bake-out furnace was dropped over the apparatus and

the system was baked out at between 300 and 350°C for 16 to 24 hours; a 48-hour

bake-out was sometimes used to lower background pressure.

(f) The furnace was removed after cooling to below 100°C, and the

ion gages were hooked up. The specimen furnace was turned on and brought up

to temperature (885 to II00 ° C).

(g) The ion gages were then degassed. After this step the i0"I0

system often needed a second bake-out in order to reach the i0"I0 torr range.

(h) The mass spectrometer was turned on and adjusted.

(i) The top trap on the I0"I0 system was filled with liquid nitrogen.

-17-



(j) The system was then run until the ion gages reached the low

10-8 torr range for the 10-8 system, or the mid i0 -I0 torr range for the I0 "I0

system.

_) The specimenwas then pushed into its final position at the center

of the specimen furnace, by meansof magnets acting against an iron piece located

at the end of the sleigh. This step was not necessary for the induction heated

exposures, as the specimenwas located properly within the induction heater coils

initially, and did not have to be moved. Pushing the specimen into the furnace

produced a burst of gas, raising the pressure suddenly.

(i) Pumpingcontinued generally until the Po pressure went back to

nearly the samelevel as before step (k). This sometimes required two to three

days of pumping. In the later exposures _eginning with the llth exposure) the

specimen temperature was raised to 25 to 50° C above the actual exposure temper-

ature for at least 30 minutes in order to outgas the specimen before introducing

oxygen. The system was then ready for introduction of oxygen gas through the

silver leak.

4-2. Conductin_ Exposure

Oxygen pressure was regulated by controlling the temperature of the

silver leak, and to some extent on the i0-I0 system by adjusting the opening of

the valve located between the traps and the glass system. Prior to admitting

oxygen, the silver leak was outgassed by pumping a vacuum on the upstream side

and heating. Oxygen was then admitted to the upstream side of the leak (at

time = O for the exposure) and maintained at 2 to 3 psi above atmospheric for the

remainder of the exposure. After admitting oxygen (at time = O) it generally

took about 15 minutes to reach the correct pressure decade and another 15 to 30

minutes to level off at the final pressure. No measurement was taken of the

silver leak temperature.

-18-



All ion gage pressures were recorded continuously on strip chart

recorders. Mass spectrometer readings were taken daily and ion gage readings

were manually recorded daily, near the end of each step in a "step" exposure.

Optical pyrometer readings were checked several times each day, and temperature

adjustments made when necessary.

At the end of an exposure, the glass system was allowed to cool down

to ambient and then the pressure was brought up to atmospheric. The glass

system was then opened up, the specimen removed, and the specimen sent to the

NASA Lewis Research Center for analysis. The strip-chart recorder rolls were

also sent to NASA for use in reducing the data.

-19-



5. DATA REDUCTION

As mentioned in the Introduction, the principal data reduction was

accomplished by NASA at the Lewis Research Center• The only data reduction

performed by General Electric was the determination of corrected pressures from

the ion gage calibration curves, and from those pressures, the calculation of

gettering rates, expressed in terms of both Q (tort liters/sec) and

(micrograms/hour).

The equations used are developed as follows. The equation for deter-

mining Q is the well-known relationship:

Qo = Co _Po " Pl)

where the conductance Co can be expressed as a function of the gas molecular

weight, the temperature of the conductance, and a constant B which depends upon

the geometry of the conductance.

co - B o/M)%

Values for B for the specific conductances used are determined in the Appendix,

Section 9-1.

To determine the mass gettering rate, the ideal gas law is first

written:

• &RT o
pV =

o M

But since Qo is defined as Qo = PVo , the above equation can be written:

= MQ_.__9_o

RT o

To express m in the units mlcrograms/hour (instead .ofgram_t_ec)_'the

above value for • is multiplied by the factor 3600 x 106 .

-21-



6. EXPERIMENTAL RESULTS FROM_"_OSU_!_8

6-1. General

Of the 15 exposures conducted during the program, there were two types:

(i) a "steady state" exposure in which the pressure and temperature of the speci-

men were held constant for a 236-hour period (approximately i0 days), and (2) a

"step" exposure in which the pressure and temperature were held constant for

16 to 24 hours or more, after which they were changed to new values for the next

step or phase of the exposure. The "step" exposures generally consisted of nine

steps or phases.

The reporting of data for the two types of exposures is different. In

the steady state exposures (represented by Exposure Nos. I, 2, and 9), gas

compositions are given daily during the exposure, and uncorrected pressure read-

ings -- taken from the recorder rolls -- are plotted each 6 hours during the

exposure. A single average gettering rate, based upon a corrected average

pressure during the exposure, is given.

For the step exposures, uncorrected pressure readings are reported in

the form of a daily log, with readings taken from the control panel indication,

at the end of each phase, at which time a steady-state should have been reached.

Gas compositions are also given in a table for each phase, near the end of the

phase. Another table reports corrected pressures and gettering rates based

upon those pressures, for each phase.

6-2. Index to Exposure Data

As a summary of the specimens tested and as an aid in locating data,

the following index is presented:

-23-



Exposure
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

sore (1)

NOTZ (2)

NOTE (3)

NOZ (4)

NoTe (5)

Specimen Compo- Vacuum Data found in

No. sition System Table No. Notes

59 Cb-IZr 10-8 l-a,b; Fig. 6 (i)

60 C5-1Zr 10 -8 2-a,b; Fig. 7 (i)

69 Cb-5Zr 10 -10 3-a, b, c, d (2)

61 Cb-iZr 10 -8 4-a, b, c, d

55 Ta i0 -I0 5-a, b, c, d

57 Ta-10W I0"I0 6-a, b, c, d

83 T-ill 10-8 7-a, b, c, d

74 B-33 10 -8 8-a, b, c, d

51 Cb 10 "10 9-a, b; Fig. 8 (1)

Iii Zr I0 "I0 10-a, b, c, d (3)

90 Cb-lZr I0 "I0 ll-a, b, c, d (4)

88 Cb-.75Zr 10 -8 12-a, b, c, d (5)

II0 FS-85 I0"I0 13-a, b, c, d

99 SCb-291 i0-I0 14-a, b, c, d

94 Ta I0 -8 15-a, b, c, d (5)

"Steady state" exposure; conditions held constant during exposure.

Other exposures were "step" exposures in which pressure or temperature

levels were changed daily.

Ion gage emission current increased from 0.i to 1.0 prior to F_cposure

No. 3, and new calibration curves prepared.

New gage calibration beginning with Exposure No. I0.

Prior to Exposure No. Ii, C.V.C. ion gage control panels and gage tubes

switched from 10 -8 to I0-I0 system, and G.E. panels and tubes switched

to 10 -8 system.

Specimen heated by induction heater rather than furnace.

-24-



6-3 Tabulated Results

Tabular results begin with the table below:

TABLE l-a

GENERAL PARAMETERS_ EXPOSURE NO. I

Specimen Composition: Cb- iZr

Specimen Number : 59

Specimen Size: 0.0292 x 1.052 x 1.502 in.

Specimen Weight: 6.512 gram

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

ii00 deg C

-6
i x I0 torr (approx.)

-8
I0 system

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

324 deg K (51 deg C) (estimated)

"T /M" 1/2
C = 0.187 ( o ) liters/secO

(for 02 at 324°K, Co = 0.595)

Figures 20 - 23, Final

Report, NAS 3-4169 (Jan. 1965)*

(0.i ma emission current)

Distance L: 30 cm. (estimated)

Corrected pressures are given below.

Calculation of Gettering Rate

Estimated average pressures in torr are as follows:

Pump Ion Gage (po)

Sample Ion Gage (pl)

Uncorrected Pressure

-6
6.6 x i0

-6
l.lx i0

-7

Quartz lon Gage (p3) 1.2 x i0

Qo = Co (Po - Pl ) = 4.34 x i0 -6 torr-liter/sec

m = (MQo/RTo) x 3600 x 106 = 24.8 microgram/hr

Corrected Pressure

-6
8.7 x i0

1.4 x 10 -6

I.I x i0-7
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TABLE !-b

GAS COMPOSITION DURING THE EXPOSURE OF

Cb-lZr SPECIMEN NO. 59

EXPOSURE NO. 1

Time _Hrs. * C02

23 5.6

46 4.6

66 4.6

93 4.5

143 4.4

168 4.6

192 4.3

214 4.4

232 5.1

Gas Composition_ Molar Percent

02 CO H20 He H 2

81.9 3.1 3.0 0.6 6.8

85.8 1.7 2.4 0.6 4.9

86.2 1.3 2.3 0.6 5.0

87.1 1.2 2.2 0.8 4.2

91.7 0,9 2.0 0.74 3.0

89.5 1.0 1.7 0.6 2.6

89,6 1.1 2.0 0.9 2.11

89.2 1.4 2(0 1.0 2.0

88.4 2.1 1.7 1.0 1.7

From start of 02 admission.
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TABLE 2-a

GENERAL PARAMETERS_ EXPOSURE NO. 2

Specimen Composition: Cb-IZr

Specimen Number: 60

Specimen Size: 0.029 x 1.052 x 1.502 in.

Specimen Weight : 6.469 gram

Specimen Temperature :

Pressure, "Sample Gage" (pl) :

Vacuum System:

980 deg C

-7
i x i0 (approx.)

-8

I0 system

Conductance Temperature (To) :

System Conductance :

Gage Calibrations:

324 deg K (51 deg C) (estimated)

Co = 0,203 (To/M)I/2 liters/sec

, ='0,646)(for 02 at 324°K C°

Figures 20 - 23, Final Report,

NAS 3-4169 (Jan. 1965)*

(0.I ma emission current)

Distance L: 30 cm. (estimated)

Corrected pressures are given below.

Calculation of Gettering Rate

Estimated average pressures in torr are as follows:

Pump Ion Gage (po)

Sample Ion Gage (pl)

Quartz Ion Gage (p3)

Uncorrected Pressure

1.5 x 10 -6

1.4 x 10 -7

5.8 x 10 -8

Qo = Co (Po - Pl ) = 9.94 x I0 -7 torr-liter/sec

= (P_o/RTo) x 3600 x 106 = 5.66 microgram/hr

Corrected Pressure

-6
1.69 x i0

-7

1.51 x I0

-8
5.2 x I0
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TABLE 2-b

GAS COMPOSITION DURING THE EXPOSURE OF

Cb-lZr SPECIMEN NO. 60

EXPOSURE NO. 2

Time,Hrs.

24

45

71

92

122

146

169

193

234

Gas Compositiqn_ Molar Percent

CO2 02 CO H20 He H2

22.9 46.5 18.6 1.8 3.4 6.8

18.7 49.6 16.0 1.4 7.9 6!4

14.5 55.8 13.0 1.5 9.5 5.7

12.8 61.5 11.5 1.4 8.7 4.1

14.5 57.3 11.4 1.8 8.0 7.0

16.6 53.6 10.9 1.9 8.8 8.2

15.7 56.0 12.0 1.7 8.7 5.9

14.0 57.7 10.8 1.7 10.5 5.3

13.9 60.2 9.8 1.4 ii.i 3.6

From start of 02 admission.
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TABLE 3-a

GENERAL PARAMETERS_ EXPOSURE NO. 3

Specimen Composition:

Specimen Number :

Specimen Size:

Specimen Weight :

Specimen Temperature :

Pressure, "Sample Gage" (pl) :

Vacuum System:

Conductance Temperature (To) _

System Conductance:

Gage Calibrations:

Distance L:

Cb-5Zr

69

0.028 x 1.052 x 1.5035 in.

6.153 gram

885, 980, & ii00 deg C

-7 -5
i x i0 to i x I0 torr

(approx.) (in steps)

-I0
i0 system

313 deg K (40 deg C) (estimated)

C = 0.172 (T /M) I/2 liters/sec
o o

(for 02 at 313°K, Co = 0.538)

First calibration, G.E. panels,

_igures 13, 14 and 15.

35 cm.(estimated)
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TABLE 3-b

DALLY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 3

Cb-SZr Specimen No. 69

Pressures given are uncorrected ion gage readings.

7-22-65 2:17 PM

Exposure 10 -7 torr 02 - 885°C

7-23-65 2:00 PM Pump ig 2.0 x 10-6

Sample ig 1.6 x 10"i

Quartz ig 3.2 x i0 "_

Oxygen introduced to mid 10-9 torr system -

torr

torr

tort

Specimen temp increased to 980°C - 10 -7 torr 023:55 PM

7-24-65 1:30 PM Pump ig 2.1 x i0"_ torr

(Sat.) Sample ig 1.9 x i0"_ tort

Quartz ig 5.5 x i0-_ torr

7-25-65 9:00 AM Pump ig 2.0 x I0 7 torr
(Sunday) Sample ig 1.6 x 10_A tort

Quartz ig 5.0 x i0 - torr

9:10 AM Specimen temp increased to llO0°C - 10 -7 torr 02

7-26-65 9:25 AM Pump ig 2.0 x i0"_ torr

Sample ig 1.9 x i0-_ torr

Quartz ig 6.8 x I0"_ torr

10:15 AM Oxygen increased to 10-6 torr 02 - ll00°C

7-27-65 10:50 AM Pump ig 1.4 x i0"_ torr

Sample ig 1.0 x i0"_ torr

Quartz ig 1.55x i0"I torr

I0:55 AM Specimen temp decreased to 980°C - 10-6 tort 02

7-28-65 ii:00 AM Pump ig 1.5 x I0"_ torr

Sample ig 1.0 x i0-_ torr

Quartz ig 1.5 x i0"/ torr

Ii:30 AM Specimen temp decreased to 885°C - 10-6 tort 02
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TABLE 3-b(cont'd.)

7-29-65 9:00 Pump Ig 1,4 x i0"_ torr

Sample Ig 1.0 x i0"_ torr

Quartz ig 1.7 x I0"/ torr

IO:OOAM Specimen temp increased to llOO°C

1!:00 AM Oxygen increased to 10 .5 tort. 02 - llO0°C

7-30-65 5:00 IM Pump ig

Sample 18

Quartz ig

7-31-65 8:51AM Pump ig

(Sat.) Sample ig

Quartz ig

1.6 x 10 -4 tort

1.1 x I0"._ tort

1.3 x i0 mO tort

...... .m. me..... .... --..m.m.

1.6 x 10 -4 tort

1.1 x I0". _ torr

1.1 x 10 "D torr

8:55 AM Specimen temp decreased to 980°C - 10 -5

8-1-65 8:30AM

(Sunday)

9:00 AM

torr 02
_w

Pump ig 1.55 x 10 -4 tort

Sample ig 1.05 x I0"._ torr

Quartz ig 1.3 x I0 "_ tort

Specimen temp decreased to 885°C - 10 -5
torr 02

Illlililliillli ! IliiJilli

8--2m65 246 hrs. Pump ig 1.5 x I0"_ torr

Sample ig 1.15x I0"_ torr

Quartz ig 1.9 x 10"b torr

At approximately 250 hrs., all ion gages started full scale oscillations.

The silver permeation membrane was intermittently leaking and on the verge of

opening up. This can be attributed to running at the extreme end of the leaks

rated current, to obtain i0 - torr 02 . (The test ended 8:10 AM, August 2.)
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TABLE 3-c

GAS COMPOSITION DURING THE EXPOSURE OF

Cb-5Zr SPECIMEN NO. 69

EXPOSURE NO. 3

Gas Composition/ Molar Percent

Exposure TimejHrs* CO 2 02 CO H20

1.6 x 10"7Torr-O2-885°C 24 6.1 61.0 26.5 0.20

1.6 x 10"7Torr-O2-980°C 64 8.1 50.2 17.0 3.0

1.9 x 10-7Torr-02-1100°C 89 8.5 40.0 13.4 2.0

1.0 x 10"6Torr-O2-1100°C 114 3.5 84.6 8.0 0.60

1.0 x 10"6Torr-O2-980°C 139 3.7 89.5 6.0 0.10

1.0 x 10"6Torr-02-885°C 161 2.8 93.1 3.6 0

i.I x 10"5Torr-02-1100°C 195 1.7 95.9 1.8 0.2

1.05 x 10"STorr-02-980°C 236 2.4 92.8 4.8 0

He H2

3.0 3.2

6.2 15.5

II.7 24.4

0.40 2.9

O. 30 0,40

0.20 0.30

0 0.4

0 0

From start of 02 admission.
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TABLE 3-d

GETTERING RATE6

EXPOSURE No. 3

Cb-5Zr Bpeclmen No. 69

Pressures given were taken at the end of each phase, and are corrected below by

use of calibration data.

Specimen

Phase Temp _C)

1 885

2 980

3 1100

4 Ii00

5 980

6 885

7 ii00

8 980

9 885

NOTE:

Pressures are in torr.

Pump Sample

Gage, Po Gage, Pl

3.1(-6) 2.45(-7)

3.1(-6) 2.45(-7)

3.1(-6) 2.9 (-7)

1.95 (-5) 1.5 (-6)

2.1 (-5)1.5 (-6)

1.95(-5) 1.5 (-6)

2.05 (-4) 1.52 (-5)

2.0 (-4) 1.45(-5)

1.92(-4) 1.6 (-5)

Gettering Rates Approx.

Quartz Qo torr L/ m,micro- Exposure

Gage.p 3 sec grams/hr Time,Hrs.

4.8 (-8) 1.54(-6) 9.06 24

7.4(-8) 1.54(-6) 9.06 41

10.0(-8) 1.51(-6) 8.92 24

2.35(-7) 9.68(-6) 57.1 25

2.3(-7) 1.05 (-5) 61.9 24

2.6(-7) 9.68(-6) 57.1 22

1.65(-6) 1.02(-4) 602 46

1.98 (-6) 9.98(-5) 589 24

2.92 (-6) 9.47 (-5) 558 23

Figures in parenthesis are powers of i0; i(-4) = I x 10-4
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TABLE 4-a

GENERAL PARAMETERS, EXPOSURE NO. 4

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (T o )

System Conductance:

Gage Calibrations:

Distance L:

Cb-lZr

61

0.0295 x 1.052 x 1.503 in.

6.557 gram

885, 980 and II00 deg C

I x 10 -7 to I x 10 -5 torr

(approx.) (in steps)

10 -8 system

324 deg K (51 deg C) (estimated)

Co = 0.203 (T^/M) I/2 liter/sec

(for 02 at W 324°K, C o = 0.646)

First calibration, C.V.C. panels,

Figures i0, II and 12

30 cm. (estimated)
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TABLE i.4,_b

n_ILY _0G OF P_SSURE _ZASU.-_NT,_

EXPOSURE NOo 4

Cb-lZr Specimen No. 61

Pressures given are uncorrected ion gage readings.

7-28-65

2:29 PM

..i,

7-29-65 8:52 AM

10:00AM

(All ion gages in low 10-8

to 885°C furnace 7-26-65

tor$ sample introduced

02 introduced to system exposure 10-6 torr 02 -885°C

Illilll

Pump Ig 1.8 x I0"_ tort

Sample ig 1.2 x i0"_ tort

Quartz ig 2.8 x I0 "/ torr

Specimen temp increased to 980°C - 10 -6 torr 02

7-30-65 8:30AM Pump ig 2.05 x I0"_ torr

Sample ig 1.3 x I0"_ tort

Quartz ig 2.4 x i0 -/ torr

.... _ ...,

7-31-65

(sat.)

Ii:00 AM
Specimen temp increased to ll00°C - 10 -6 torr 02

m-......_......

9:01 AM Pump ig 2.05 x I0"9 torr

Sample ig 1.4 x i0"_ tort

Quartz ig 2.6 x I0"/ torr

9:05AM

9:50AM

Specimen temp decreased to 885°C

Oxygen cut back to 10-7
torr 02

8-1-65

(Sunday)

8:14 AM

8-2-65 9:50AM

Pump ig 1.5 x I0"_ torr

Sample ig 1.2 x i0"_ torr

Quartz ig 4.8 x i0-_ torr
...iii..--.

Pump ig 1.95 x i0"_ torr

Sample ig 1.4 x i0"_ tort

Quartz ig 4.2 x I0 -_ torr

9:50 AM
Specimen temp increased to 980°C 10 -7 tort 02
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TABLE 4-b(cont'd.)

8-3-65 8:25 AM

10:15 AM

Pump ig 1.8 x i0"_ torr

Sample ig 1.3 x i0"_ torr

Quartz ig 4.6 x i0-_ torr

Specimen temp increased to llO0°C - 10 -7 tort 02

8-4-65 8:20AM

i0:28 AM

Pump ig 1.8 x i0"_ tort

Sample ig 1.9 x I0"_ torr

Quartz ig 9.0 x I0 "_ tort

Oxygen increased to 10 -5 tort 02 llO0°C

8-5-65 i0:00 AM

i0: 13 AM

Pump ig 2.9 x 10"4 torr

Sample ig 1.6 x I0"3 tort

Quartz ig 2.35x I0"° torr

Specimen temp decreased to 980°C - 10 -5 tort 02

8-6-65 9:20AM

9:23 AM

Pump ig 2.65 x 10"4 tort

Sample ig 1.55 x 10-3 tort

Quartz ig 3.5 x I0-° tort

Specimen temp decreased to 885°C - 10 -5 torr 02
q

8-7-65 8:34AM

9:19 AM

Pump ig 3.0 x 10"4 torr

Sample ig 1.7 x 10"3 tort

Quartz ig 4.0 x i0 "_ tort

02 off - specimen heat off
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TAE_ 4-¢

GAS COMPOSITION DURING THE EXPOSD_E OF

Cb-lZr SPECIMEN NO. 61

EXPOSURE NO. 4

Exposure

1.2 x 10"6Torr-O2-885°C 18

1.4 x 10"6Torr-O2-1100°C 64

1.4 x 10"7Torr-O2-885Oc 84

Time,Hrs*

Gas Composition_ Molar Percent

CO 2 02 CO H20 He

3.0 92.1 4.2 1 0 0.3

3.9 86.4 8.0 0.60 0.5

7.0 62.5 25.2 0.3 2.0

H 2
m

0.4

0.6

3.0

Trouble was experienced with the mass spectrometer filament

and meanlngful spectrums could not be obtained after 84 hours.

From start of 02 admission.
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Pressures given were taken

use of calibration data. Pressures

Phase

_BLE 4-d

EXPOSURE N0.4

Cb-lZr Specimen No. 61

at the end of each phase,

are in tort.

Specimen Pump Sample

Temp (°C) Gage,p o Gage,p 1

1 885 0.84(-5) 0.77 (-6)

2 980 0.97(-5) 0.85(-6)

3 ii00 0,97 (-5) 0.92 (-6)

4 885 1.15(-6) 1.0 (-7)

5 980 1.05 (-6) O. 95 (-7)

6 1100 1.05 (-6) 1.3 (-7)

7 II00 2.9 (-4)*0,91 (-5)

8 980 2.65 (-4)*0, 90 (-5)

9 885 3.0 (-4)'1.0 (-5)

* Uncorrected instrument reading

NOTE: Figures in parenthesis are

and are corrected

Gettering Rates

Quartz Qotorr L/ &,micro-

Gage,p 3 sec grams/hr

2.25(-7) 4_93 (-6) 28.1

1.95(-7) 5.72 (-6) 32.6

2.1 (_7) 5,67(-6) 32.3

3.7 (-8) 6.78(-7) 3.86

3.95(-8) 6,17(-7) 3.51

6.9 (-8) {5,94 (-7) 3.39

1.9 (-6) ....

2.95 (-6) ....

3.45(-6) ....

(no calibration available in this range)

powers of I0; 1(-4) ffiI x 10 -4

below by

Approx.

Exposure

Time,Hrs.

19

22

22

48

23

24

24

23

24
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TABLE 5-a

GENERAL PARAMETERS_ EXPOSURE No. 5

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

Distance L:

Ta (unalloyed)

55

0.031 x 0.807 x 1.7525 in.

12.128 gram

885, 980, and ii00 deg C

I x 10 -7 to i x 10 -5 torr

(approx.) (in steps)

-I0
I0 system

313 deg K (40 deg C) (estimated)

1/2

= 0 172 (To/_0 liter/secCO

(for 02 at 313°K, Co = 0.538)

First calibration, G. E. panels,

Figures 13, 14 and 15

35 cm. (estimated)
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TABLE 5-b

DAILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 5

Ta Specimen No. 55

Pressures given are uncorrected ion gage readings.

8-17-65

8-19-65

12:50 PM Oxygen introduced to high 10-9 torr vacuum -

Exposure 10 -7 tort 02 - 885°C

8:30 AM Pump ig 1.4 x 10-6

Sample ig 1.7 x 10-7 torr

Quartz ig 6.0 x 10-8 torrt°rr

8-20-65 8:30 AM

10:15 AM Specimen temp increased to 980°C - 10-7
torr 02

Pump ig 1.3 x I0"_ torr

Sample ig 1.8 x 10" 8 torr
Quartz ig 7.5 x i0" torr

9:40 AM Specimen temp increased to ll00°C - 10-7 torr 02
------w--------..._.m...w--.w.....

8-21-65 9:15 AM Pump ig 7.2 x 10"_'torr

(Sat.) Sample ig 1.3 x i0-_ torr

Quartz ig 5.6 x 10-_ tort

i0:i0 AM Specimen te_p decreased

... to 10"- torr 0 2

to 885°C - Oxygen increased

5
8-22-65 9:10 AM Pump ig i.i x 10" 6 torr
(Sun.) Sample ig 1.3 x I0" torr

Quartz ig 5.5 x 10-7 torr

IO:50AM Specimen temp increased to 980°C -10 -6
torr 02

8-23-65 8:10 AM

9:I5AM

5
Pump ig I.I x 10" 6 torr

Sample ig 1.4 x 10:7 torr
Quartz ig 5.4 x 10 torr

o
Specimen temp increased to II00 C - I0 "6 torr 02

8-24-65 8:10 AM

9:30AM

Pump ig 1.3 x I0"[ torr

Sample ig 1.6 x 10:7o tort
Quartz ig 6.0 x I0 tort

Oxygen increased to 10-5 torr 02 - ll00°C
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TABLE 5-b(cont' d.)

8-25-65 8:05

9:25 AN
"---- -- -- m -- _e

8-26-65 8:05 AN

9:00,_!

Pump 18 1.0 x 10"4 torr
Sample iS 1.2 x 10"3 torr
Quartz Ig 4.8 x 10 -0 torr

Specimen ceNp decreased to 980°C - 10 -5 torr 02

;;............ ;:..... ;-_..........Pump 0 x I torr
Sample ig 1.2 x 10"_ torr

Quartz ig 4.6 x I0"- torr

Specimen temp decreased to 885°C - 10 -5 torr 02

_-_'_ "" _.0o,_" ;_, _" "_.ox_0:__o_; "
Sample IS 1.4 x 10 _ torr
Quartz is 6.8 x I0"- tort

9:35,_ - 02 off - Sample furnace off.
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TABLE 5_c

GAS COMPOSITION DURING THE EXPOSURE OF

Ta SPECIMEN NO. 55

EXPOSURE NO. 5

Exposure Time,Hrs.*

1.7 x 10 -7 Torr-02-885°C 43

1.9 x 10 -7 Torr-02-980°C 64

1.3 x 10 -7 Torr-02-1100°C 90

1.3 x 10-6 Torr-02-885°C 113

1.4 x 10 -6 Torr-02-980°C 134

1.6 x 10-6 Torr-02-1100°C 157

1.2 x 10-5 Torr-02-1100°C 179

1.3 x 10-5 Torr-02-980°C 211

1.3 x 10 -5 Torr-02-885°C 235

Gas Composition; MolKr Percent

CO2 02 CO H20 He

5.5 81.7 6.5 0.30 1.7

5.2 76.2 8.8 0.50 7.3

6.3 52.7 13.6 1.0 2.9

4.8 91.7 3.0 0.1 0.10

7.2 88.3 4.2 0. i 0.2

8.0 87.3 4.2 0.20 0.3

12.0 84.8 3.0 0. i 0. I

7.9 90.1 2.0 0 0

2.5 96.5 1.0 0 0

H2

4.3

2.0

23.5

0_3

0

0

0

0

0

From start of 02 admission.
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TABLE 5-d

GETTERING PATES

EXPOSURE NO. 5

Ta Specimen No. 55

Pressures given were taken at the end of each phase, and are corrected below by
use of calibration data. Pressures are in torr.

Getterin 8 Rates Approx.

Specimen Pump Sample Quartz Qotorr L/ m,micro- Exposure

Phase Temp (°C) Gage,p ° Gage,p I Gage,P3 sec grams/hr Time,Hrs.

1 885

2 980

3 ii00

4 885

5 980

6 ii00

7 ii00

8 980

9 885

2.13(-6) 2.6 (-7) 8.85(-8) 1.01 (-6) °5.93

1.98(-6) 2.7 (-7) 11.0 (-8) 9.17 (-7) 5.41

10.0 (-7) 1.98(-7) 8.3 (-8) 4.31 (-7) 2.54

1.52(-5) 1.98(-6) 8.1 (-7) 7.11 (-6) 41.9

1.52(-5) 2.13(-6) 8.0 (-7) 7.03 (-6) 41.5

1.8 (-5) 2.45(-6) 8.75(-7) 8.36 (-6) 49.3

1.25(-4) 1.67(-5) 7.65(-6) 5.83 (-5)_ 344.

1.25(-4) 1.67(-5) 7.3 (-6) 5.83 (-5)344.

1.25(-4) 1.95(-5) II.0 (-6) 5.68 (-5)i 1335.

44

23.5

24

23

21

23

22.5

23

23

NOTE: Figures in parenthesis are powers of I0; 1(-4) ffi1 x 10-4
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TABLE 6-a

GENERAL PARAMETERS, EXPOSURE NO. 6

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To) :

Sy stem Conductance:

Gage Calibrations:

Distance L:

Ta- i0 W

57

0.0315 x 0.811 x 1.750 in.

12.270 gram

885, 980, and Ii00 deg C

-5
5 x 10 -8 to i x i0 torr

(approx.) (in steps)

-i0
I0 system

313 deg K (40 deg C) (estimated)

Co = 0.172 (To/M)I/2 liter/sec

(for 02 at 313°K, Co = 0.538)

First calibration, G. E. panels,

Figures 13, 14 and 15

35 cm. (estimated)
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DAILY LOG OF plUSSeS., MEASUREMENTS

\

EXPOSURE NO, 6

Ta-IOW Specimen No_ 57

Pressures given are uncorrected ion gage readings,

%23-65 3:22 N (_ysen introduced to lid 10 .9 torr vacuum-

Exposure aid 10 -8 tort 02 - 980 ° C
--. I mmmm.m. . IIm................ . m m m . m m. . m eo. II.I.m.mIIm . . . ...m..m..... . . .m..eIm ... leman

%24-65 8:30AM

9:37AM

Pump ig 2.3 x 10"_ tort
8ample ig 4.6 x 10-8 tort
Quartz tg 2.3 x 10-8 torr

8pectaen t,up decreased to 885 ° C - mid 10-8 tort 02
I I IIIIIII I IIIIIIIIIIIIIIIIJIIIIII I I I IIIIIIIIIIIIJlI I Ill I Ill I II I I I I IS IIIII III el I I I Is

%25-65 Trouble was experienced with a cycltn8 pressure, the laIple i8
kt. 8o£n$ as high as 10''. Adjusted Ipecimen tip to 98000 at

11:18kM
o-- ---- ---- o moIIm'o--I''--'Im "----om -- -- I-- --. o--I-- -- o--I-- m ---- oII--'IIImm" Im

8:20KM%26-65 PIp iS
8un. , Ssmple tg

Quartz tg

8:59 AM

1.0 x 10"7 torr
2.9 x 10"8 tort
1.7 x 10 -8 torr

Specimen teIp decreased to 885°0 - mid 10 -8 tort 02
I m m II I IIIIIIIII III IS I IS IIIII IS IIIIIIl IS II II I I II III II i Ii Iii II iiiII Ill i m II I II II II I I I I

Pump ig 9.7 x 10 -8 tort
l_sple i8 2.6 x 10"8 tort
Quartz tg 1.4 x 10-8 torr

,Oxygen increased to 10"7 torr 02 - 885 ° C

%27-65 9:30AH

10:1SAM
I IIII II IImI I I III III I II I I II III I lies IIIIIIJlmIII I IS I I I IIIllllI I I II ImIIIIIII IIIIIIIImI

Pump ig
8ample tg
Quartz iS

6.6 x I0 "7 torr
1.4 x 10 -7 torr
7.5 x 10 -8 torr

Specimen tip increased to 980 ° C - 10 "7 torr 02

%28-65 9:12 AM

9:14AM
I ISiS I I I fill I I Ill I I IIIIIIJIIII I I I IIJIIlll II IIIII I I I IS I IlJIl I II IIIIII eli I I IS Ills I II I

Pump ig 7._ x 10"7 torrSmaple t8 1. x 10-7 torr
Quartz t8 9.2 x 10-8 torr

Specimen tip increased to 1100 ° C - 10-7 torr 02

%2%65 9:43 AM

10:10 AM
I IS II I I I II I I I I I

%30-65 9:26 AM ]Pump ig 7.6 x 10 -7 torr
Sample !g. 1.5 x 10"7 torr

Quarts i8 .9 x 10 "7 tort

9:$0AM OzYsen increased to 10"6 torr 02 - 11000 C
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TABLE 6-b(cont'd.)

10-1-65 8:22 &M 'l_mp i8 1.1 x 10 -5 torr

Sample i8 1.7 x 10 -6 torr
quarts i8 8.2 x 10 .7 torr

Specimen temp decreased to 980 ° C - 10 -6 torr 02

10o2-65 12:00 EH[

12:35 Hi

lqmp i8 1 x lO'5_orr
8mtple i8 1.5 x 10 u tort
Quarts i8 7.1 x 10 -7 torr

8peeimen tamp decreased to 885 ° C - 10 -6 tort 02

10-4-65 10:00 AN _ i8 1.I x 10 -5 tort
0ample i8 1.7 x 10 -6 torr
Quarts i8 8 z 10 -7 tort

10:15 AN Ozysen increased to 10 °5 torr 02 - 885 ° C
m m anmmmmm mm mmm mm mm m mmmmmmmmmmmmmmmmmemmmmmmomm.mmmommmm m mmmomom i mm m m m anm mm mm mm .m m .m

10-5-65 ll:00AN Pump i8 1.1 x 10 "4 torr
8msplo i8 2.4 x 10 -5 tort
Quarts £8 1.5 z 10 °5 torr
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TABLE 6-c

GAS COMPOSITION DURING THE EXIt)SURE OF

Ta-IOW SPECIMEN NO. 57

EXPOSURE NO. 6

Gas ComposiLion_ Mol.am_Percent

T ,Srs.* co2 02 co K2o

4.6 x 10 -8 Torr-02-980°C 18 4.5 71.2 20.2 0

2.7 x 10-8 Torr-02-885°C 90 o 76.5 16.5 O.

1.4 x 10-7 Torr-02-885°C 113 1.6 95.0 2.8 o

1.6 x 10"7 Torr-02-980°C 138 2.8 90.4 3.2 o.3

1.5 x 10-7 Torr-02-1100°C 162 5.2 75.1 6.2 1,0

1.7 x 10 -6 Torr-O2'1100°C 186 5.1 92.8 1.1 0.2

1.5 x 10 -6` Torr-O2-980°C 213 4.1 94.2 1.o 0.2

1.7 x I0-6 Torr-02-885°C 236 2.1 96.9 0,8 O,1

2.4 x I0"5 Torr-O2-885°C 260 I.I 98.7 0.2 o

He

i

0

0

0

0

o

0

o

-0

112

m

4.1

7.0

0.6

3,3

12.5

0.8

0.5

0.1

0

From start of O^ admission.
z
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TABLE 6-d

GETTERING RATES

EXPOSURE NO. 6

Ta- 10W Specimen No. 57

Pressures given were taken at the end of each phase, and are corrected b_low by

use of calibration data. Pressures are in torr.

Gettering.Rate..__s Approx.

Specimen Pump Sample Quartz Qotorr L/ m,micro- Exposure

Phase Temp _C) @age,Po Gage,p I Gage,p 3 sec grams/hr Time,Hrs.

1 980 3.38(-7) 7.8 (-8) 3.5 (-8) 1.40(-7) 0.825 18

2 980 1.4 (-7) 5.2 (-8) 2.65(-8) 4.73(-8) 0.279 46

3 885 9.3 (-7) 2.14(-7) 1.1 (-7) 3.85(-7) 2.27 39

4 980 1.08(-6) 2.45(-7) 1.35(-7) 4.49(-7) 2.65 25

5 ii00 1.06(-6) 2.3 (-7) 1.32(-7) 4.46(-7) 2.63 24

6 1100 1.52(-5) 2.61(-6) 1.17(-6) 6.77(-6) 39.9 24

7 980 1.4 (-5)2.3(-6) 1.02(-6) 6.29(-6) 37.1 26

8 885 1.52(-5) 2.62(-6) 1.15(-6) 6.77(-6) 39.9 46

9 885 1.4 (-4) 3.4 (-5) 2.1 (-5) 5.70(-5) 336. 22

NOTE: Figures in parenthesis are powers of i0; 1(-4) = i x 10-4
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TABLE 7-a

GENERAL PARAMETERS, EXPOSURE NO. 7

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

Distance L:

T-ill

83

0.031 x 1.053 x 1.501 in.

13.596 gram

885, 980 and ii00 deg C

3 x 10 -8 to i x 10 -5 torr

(approx.) (in steps)

-8
i0 system

324 deg K (51 deg C) (estimated)

1/2

Co = 0.203 ___(To/M) liters/sec

(for 02 at 324°K, Co = 0.646)

First calibration, C.V.C. panels,

Figures i0, ii and 12.

30 cm. (estimated)
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TABLE 7-b

DAILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 7

T-ill Specimen No. 83

Pressures given are uncorrected ion gage readings.

9-16-65

9-17-65

2:51PM Oxygen introduced to low i0_ torr vacuum

Exposure 10 -7 torr 02 - 885oc

9:00 AM Pump ig 1.25 x 10-6 torr

Sample ig 1.35 x 10-7 tort

Quartz ig 5.0 x 10-8 torr

I0:00 AM

9-18-65 9:00 AM

Specimen temp increased _o 980oc - 10-7 torr 02

Pump ig 1.4 x 10-6 torr

Sample ig 1.2 x 10 -7 torr

Quartz ig 4.1 x 10-8 torr

9:50 AM Specimen temp increased to llO0°C 10 -7 torr 02

Ii:00 AM Experienced trouble with foreline of vacuum system u

pumped out 02 from silver leak (specimen temp

decreased to 980°C)

9-19-65 7:00 AM Pump ig 2.4 x 10 ..8 torr

Sunday Sample ig 2.6 x 10 -8 torr

Quartz ig 1.6 x 10 "8 torr

7_27 AM Oxygen introduced

(Repeat) Exposure 10 -7 torr 02 - 980°C

9-20-65 8:09 AM Pump ig 1.8 x i0 "6 torr

Sample ig 1.5 x 10"7 tort

Quartz ig 5.1 x 10 -8 torr

10:20 AM Specimen temp increased to ll00°C - I0_7 torr 02

9-22-65 I0:00 AM Pump ig 1.8 x 10-6 torr

Sample ig 1.8 x 10-7 torr

Quartz ig 6.5 x 10-8 torr

ii:59 AM oxygen increased to I0u6 tort 02 - llO0°C

9--23-65 9:30 AM Pump ig 2.0 x 10-5 torr

Sample ig 1.5 x 10 ',6 torr

Quartz ig 2.9 x 10-7 torr

10:15 AM Specimen temp decreased to 980°C .* 10 -6 torr 02
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TABLE 7-b(cont' d. )

9-24-65 10:00 AM Pump ig

Sample ig

Quartz ig

2.15 x 10 -5 torr

1.9 x 10 -6 torr

5.4 x I0 -7 torr

10:40AM Specimen temp decreased to 885°C - 10-6 tort 02

9-26-65

Sunday

7:30 AM Pump ig

Sample ig

Quartz ig

2.0 X_lO'__torr

2.2 x I0_6 torr

1.0 X 16-6 torr

9-28-65

8:00AM

8:22 AM

9:30 AM

Specimen temp increased to ll00°C

Oxygen increased to 10-5 torr 02 - ll00°C

Pump ig 1.8 x 10-4 torr

Sample ig 1.2 x 10-5 tort

Quartz ig 3.8 x 10-6 torr

9-29-65

10:IOAM Specimen temp decreased to 980°C - 10 -5 tort 02
I.--._--m_m.mmm--mm.m.mmmmmmmm.mmmmmmmmm.mNmmm--mmm.mmmmmmm|

8:IOAM Pump ig 1.9 x 10-4 torr

Sample ig 1.7 x 10 .5 torr

Quartz ig 6.9 x 10 =6 torr

.Nmm_.!

9-30-65

8:41 AM

8:45 AM

Specimen temp decreased to 885°C - 10 -5 tort 02

Pump ig 1.8 x i0 "4 torr

Sample Ig 1.6 x 10 -5 torr

Quartz ig 7.3 x 10 -6 torr

IO:OOAM 02 off - Bpecimen furnace off
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TABLE 7-c

GAS COMPOSITION DURING THE EXPOSURE OF

T-111SPECIMENNO,+83

EXPOSURE NO. 7

Exposure

J

Time,Hrs.*

.mm._.m.--l..mm--._-

1.3 x 10-7 torr-02-885°C 19

1.5 x 10-7 torr-O2-980°C 92

1.5 x 10-6 torr-O2-1100°C 163

1.9 x 10-6 torr-O2-980°C 187

2 x 10-6 torr-O2-885°C 233

1.2 x 10-5 torr-O2-1100°C 283

1.7 x 10-5 torr-O2-9800C 305

C02

15.9

25.0

6.1

1.9

3.9

1.3

1.5

Gas Composition; Molar Percent

02 CO H20 He H2

48.7 23,7 o.3 3,5 7.9

48.7 6.8 2.0 2.7 14.8

88.3 2.8 1.8 0.4 0.6

96.8 1.0 0.3 "0 o

95.0 0.8 0 0 0.3

97.9 0.4 0.2 0.2 0

98.0 0.5 0 0 0

_k

From start of 02 admission.
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TABLE 7-d

GETTERING RATES

EXPOSUI_ NO. 7

T-Ill Specimen No. 83

Pressures given were taken at the end of each phase, and are corrected below by
use of calibration data. Pressures are in torr.

Phase

Gettering Rates Approx.

Specimen Pump Sample Quartz Qotorr L/ _,micro- Exposure

Temp (°C) Gage,p ° Gage,p I Gage,p 3 sec grams/hr Time,Hrs.

1 885 0,71(-6) 0.96(-7) 4.22 (-8) 3,97 (-7) 2_26 18

2 980 1.06(-6) 1.06(-7) 4.3(-8) 6.16(-7) 3.51 73

3 1100 1.06 (-6) 1.25 (-7) 5.25 (-8) 6,04 (-7) 3.44 49

4 ii00 0.94(-5) 0.98(-6) 2.33(-7) 5.44'(-6) 31.0 23

5 980 1.02(-5) 1.26(-6) 4.2 (-7) 5.7.7 (-6) 32.9 24

6 885 0.94(-5) 1.47(-6) 0.72(-6) _,12(-6) 29.2 45

7 Ii00 1.8(-4)* 1.2(-5) 3.25(-6) .... 51

8 980 1.9(-4)* 1.7 (-5) 6.35 (-6) .... 22

9 885 1.8(-4)* 1.6(-5) 6.8(-6) .... 25

* Uncorrected instrument reading (no calibration available in this range)

NOTE: Figures in parenthesis are powers of i0; i_4) ffiI x 10-4
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TABLE 8-a

GENERAL PARAMETERS_ EXPOSURE NO. 8

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

Distance L:

B-33

74

0.032 x 1.051 x 1.503 in.

6.908 gram

885, 980 and ii00 deg C

-7 -5
i x i0 to I x I0 torr

(approx.) (in steps)

10 -8 system

324 deg K (51 deg C)

Co = 0.203 (To/M)I/2 liters/sec

(for 02 at 324 ° K, Co = 0.646)

First calibration, C.V.C. panels,

Figures i0, ii and 12.

30 cm. (estimated)
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TABLE 8-b

DAILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 8

B-33 Specimen No. 74

Pressures given are uncorrected ion gage readings.

10-19-65 1:30 PM Oxygen introduced to low 10-8 tort vacuum

Exposure 10 -7 tort - 02 - ll00°C

10-20-65 8:30AM Pump i8 1.8 x 10-6 torr

Sample ig 1.7 x 10-7 torr

Quartz ig 6.0 x 10-8 tort

10:18AM Specimen temp decreased to 98000 - 10 -7 torr - 02

i0-21-65

NI m Nmmmmmlmml_mlNmmmm

9:00AM Pump ig

Sample ig

Quartz ig

1.8 x 10-6 torr

1.5 x 10-7 tort

4.8 x I0"8 tort

10:31 AM Specimen temp decreased to 885°C - 10 -7 torr - 02

_.._--......_....

10-22-65 8:45 AM Pump ig

Sample ig

Quartz ig

1.7 x 10-6 tort

1.3 x 10-7 torr

4.6 x I0-8 tort

m.--..

10-23-65

Sat.

11:05 AM

7:58 AM

Oxygen increased to 10-6 tort - 02 - 885°C

Pump ig 1.4 x 10-5 torr

Sample ig 1.2 x 10-6 tort

Quartz ig 3.3 x 10-7 tort

i0-24-65

Sun.

11:21 Specimen temp i_reased t-o 980°C - 10 -6 torr - 02

8:36AM Pump tg 1.6 x 10 -5 torr
_ample tg 1.2 x 10 -6 tort

Quartz ig 2.95 x 10-7 torr

8:47 KM,

... _ ........--._.,

10-25-65 8:30_

Specimen tempimareased to ll00°C - 10 -6 tort - 02

Pump ig 1.3 x 10-5 torr

Sample ig 1.2 x 10-9 tort

Quartz Ig 2.3 x 10-/ tort

2:43 PM Oxygen increased to 10-5 tort - 02 - ll00°C
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TABLE 8-b(cont'd.)

Imm | _ |mmmmmmm_mmm m mmmmmmmmm| ! mm|mwmmm_ | mmmm|| ! mmmmmmmm | mmmmmmmmmmmw! ¢m mmmlmm ! m |m mmm'm

10-26-65 8:20 AN Pump iS 2.0 x 10-4 torr

Sample ig 1.3 x i0=5 torr

Quartz Ig 3.0 x I0 "6 tort

2:44 1_ Specimen temp reduced _to 980°C- 10 -5 tort- .02

10-27-65 10:00 AM Pump IS 2.0 x 10-4 tort

Sample 18 1.3 I0 -5 torr
quartz iS 3.6 Xx 10 -6 tort

1:42 1_ Bpecimen teJ_ reduced.tO 8850C

_mnmmmmmm_ m mm mmmmmmm m m_mmmmmmmmmm_m_mmmm mmmmmnmmmm'-'mmmmmm_ _mm_mm m_m mmm__ m m m _ m _ m _ m

10-28-65 9:30AM Pump ig 1.9 x 10 -4 tort
Ekuaple iS 1,45 x I0_ 5 tort

Quartz Ig 4.8 x 10 -6 torr

11:45 AM _ygen off - Specimen heat off

m_m_ m _mmm_ m mmm _ m_ am_ m m m_mm_m_mmmmm_ me _m _ m_m_m gm _mmm_mm_ m _mm_mm_m Im _ Im m_mm
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TABLE 8_c

C_S COMPOSITION DURING THK KXPOSUIB OF

B-33 $1_CI1_N NO. 74

KXF0SUH NO. 8

Kxposure Time ,Hrs.*

i

1.7 x 10 .7 torr-_-ll00°C 20

1.5 x 10 -7 torr-02- 980°C 45

1.3 x 10 -7 torr-02-885°C 69

1.2 x 10 -6 torr-02-885°C 90

1.2 x 10 -6 torr-O2-980°C 115

1.2 x 10 -6 torr-02-1100°C 142

1.3 x 10-5 torr-02-1100°C 164

1.3 x 10 -5 torr-02-980°C 192

1.45 x 10 .5 torr-02-885°C 213

Gas Composition_ Molar Percent

CO2 02 CO H20 He

7.0 45.5 15.8 0.5 2.8

9.6 63.2 15.0 0.3 2.9

7.1 72.3 11.7 0 3.0

1.8 96.9 0.8 0 0.1

1.7 97.3 0.6 0 0.2

2.5 95.2 1.0 0 0.3

0.8 98.9 0.3 o o

0.6 99,2 0.2 o 0

0.5 99.3 0.2 0 0

H2

28.4

9.0

5.9

0.4

0.2

1.0

0

0-

O _

From start of 0 2 admission.
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TABLE 8-d

GETTERINGRATES

EXPOSURE NO. 8

B-33 Specimen No. 74

Pressures given were taken at the end of each phasep and are corrected below by

use of calibration data.

Phase

Pressures are in torr.

Specimen Pump Sample

Temple) Gage,p O Gage,p I

Quartz

Gage, P3

i Ii00 1.07(-6) 1.3(-7) 4.9 (-8) 6,07(-7) 3.46

2 980 1.07(-6) 1.06(-7) 4.1 (-8) 6.23(-7) 3,55

3 885 1.0 (-6) 9.3 (-8)3.95(-8) 5,86(-7) 3,34

4 885 6.4 (-6) 7.8 (-7) 2.65 (-7) 3,63 (-6) 20,7

5 980 7.4 (-6) 7.8 (-7) 2.37 (-7) 4,28(-6) 24,4

6 II00 5.9 (-6) 7.8 (-7) 1.87(-7) 3,31(-6) 18.8

7 Ii00 2.0 (-4)'1.3 (-5)2.5 (-6) ....

8 980 2.0 (-4)'1.3 (-5)3.05(-6) ....

9 885 1.9 (-4)'1.45(-5) 4.25(-6) ....

Gettering Rates

Qotorr L/ &,micro-
sec grams/hr

Approx.

Exposure

Time,Hrs.

21

24

24.5

24

21

30

24

23

22

*Uncorrected instrument reading (no calibration available in this range)

NOTE: Figures in parenthesis are powers of i0; 1(-4) ffi 1 x 10 -4
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TABLE 9-a

GENERAL PARAMETERS_ EXPOSURE NO. 9

Specimen Composition: Cb (unalloyed)

Specimen Number: 51

Specimen Size: 0.030 x 0.807 x 1.755 in.

Specimen Weight : 5.585 gram

Specimen Temperature:

Pressure, "Sample Gage", (pl):

Vacuum System:

980 deg C.

-8
5 x i0 torr (approx.)

-I0
I0 system

Conductance Temperature (To) :

System Conductance :

311 deg K (38 deg C)

Co = 0.172 (To/M)I/2 liters/sec

(for 02 at 311°K, CO = 0.536

liters/sec)

Gage Calibrations: First calibration, G. E. panels,
Figures 13, 14 and 15"

Distance L: 31 cm.

Corrected pressures are given below.

Calculation of Gettering Rate

Estimated average pressures in torr are as follows:

Pump Ion Gage (po)

Sample Ion Gage (pl)

Quartz Ion Gage (p3)

Uncorrected Pressure

-7
4.0x10

5.3xi0 -8

-8
1.94xi0

Qo = Co (Po - Pl ) = 2.64 x I0 -7 torr-liter/sec

m = (MQo/RT) x 3600 x I06 = 1.57 microgram/hr.

Corrected Pressure

-7
5.8xi0

8.8xi0 -8

3.0xlO "8



GAS COMPOSITION DURING :THE EXPOSURE OF

_B _PE_IMEN NO, 51

EXPOSURE NO. 9

Time IHrs.

29

41

67

91

115

139

167

186

235

Gas';Compositlon_ Molar Percent

CO2 02 CO H20 He

1.8 89.2 6.0 0.2 0

0.7 91.6 4.4 0.2 0

1.0 92.0 3.7 0.2 0

1.0 91.9 4.4 0.2 0

1.0 92.1 4.5 0.2 0

1.2 92.6 4.0 0.2 0

0.9 92.6 3.7 0.2 0

1.2 91.8 4.3 0.2 0

1.3 92.4 3.7 0.2 0

H2
2.8

3.1

2.2

2.5

2.2

2.0

2.5

2.5

2.4

From start of 0 2 admlsslon.
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10 -5

All Data Plotted are

Uncorrected Instrument

Readings

-6
i0

OOooO
PO

0

-7
10

0000000 00000 0000000000000 0000 000000000(_ P 3

-8
i0

Figure 8. Pressure Plot, Exposure No. 9.

10 -9
0 30 60 90 120 150 180 210 240

Time from Admission of 02 Gas (hours)
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TABLE 10-a

GENERAL PAR_TERS_ EXPOSURE NO. i0

Specimen Compos ition:

Specimen Number :

Specimen Size:

Specimen Weight :

Specimen Temperature :

Pressure, "Sample Gage" (pl) :

Vacuum System:

Conductance Temperature (To) :

System Conductance :

Gage Calibrations:

Distance L:

Zr (unalloyed)

iii

0.030 x 0.957 x 1.500 in.

4.622 gram

885, 980, and llO0°C

i x 10 -7 to i x 10 -5 torr (in steps)

i0 -I0 system

313 deg K (40 deg C)

C O = 0.172 (To/M) I/2 liters/sec

(for 02 at 313°K, Co = 0.538)

Second calibration, G. E. panels,

Figures 19, 20 and 21

33 cm.

-64-



TABLE 10-b

DAILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. I0

Zr Specimen No. ii]

Pressures given are uncorrected ion gage readings.

12-22-65 11:05 AM Oxygen introduced to mid 10-9 torr system

Wed. Exposure 10-7 torr 02 - ll00°C

12-23-65 8:00 AM Pump ig 1.9 x i0 _ torr
-1

Thurs. Sample ig 1.8 x i0 8 torr
Quartz ig 2.2 x i0" torr

ii:00 AM Specimen temp. decreased 980°C - 10-7 torr 02

12-24-65 10:21 AM Pump ig 3.0 x i0"_ tort

Fri. Sample ig 2.5 x lO'! torr

Quartz ig 2.3 x I0 "_ tort

ii:00 AM Specimen temp. decreased to 885°C - 10-7 tort 02

12-25-65 5:35 PM Pump ig 3.2 x 10-6

Sat. Sample ig 2.8 x 10-7 torr

Quartz ig 2.9 x 10-8 torrtort
Specimen temp. 885°C

12-26-65 7:30 PM Pump ig 3.1 x I0"_ tort

Sun. Sample ig 2.7 x I0"_ torr

Quartz ig 2.9 x i0 "_ tort

Specimen temp. 885°C

I_III.iI..

12-27-65 8:25 AM Pump ig 2.7 x i0"_ tort

Mon. Sample ig 2.3 x 10"! torr

Quartz ig 2.6 x i0"_ torr

Specimen temp.885°C

9:30 AM Increased 02 to 10 -6 torr

I0:i0 AM Pump ig 1.4 x i0"_ torr

Sample ig i.i x i0"_ tort

Quartz ig 2.1 x i0"1 torr

12-28-65 8:10 AM Pump ig 1.9 x i0_ tort
Tues. Sample ig 1.6 x i0 . torr

Quartz ig 1.4 x i0"/ torr

Specimen temp. 885°C

9:30 AM Specimen temp. increased to 980°C

_I_'II''_II----_--I'ImII.I_mm_......_...w....i._w._II.mImm__II_Im____I.II__I
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TABLE 10-b (cont' d. )

12-29-65 8:00 AM

Wed.

9:30 AM

Pump ig 2.0 x I0"_ torr

Sample ig 1.5 x i0"_ torr

Quartz ig 1.3 x i0"I torr

Specimen temp. increased to ll00°C

--.....----..----------.--......--..------.. ............ .--..-..m...

12-30-65 8:15 AM Pump ig 1.8 x I0-_ tort

Thurs. Sample ig 1.4 x I0"_ torr

Quartz ig 1.8 x i0"I torr

9:30 AM Increased 0_ to 10-5 torr
z o

Specimen temp. Ii00 C

12-31-65

Fri.

9:50 AM Pump ig 1.4 x i0=_ torr

Sample ig 1.0 x i0"_ torr

Quartz ig 7.2 x I0"I torr

10:15 AM Specimen temp. decreased to 980°0

1-1-66 6:00 PM Pump ig 1 2 x i0"_ torr
• "b

Sat. Sample ig 9.0 x i0 7 torr
Quartz ig 6.6 x i0"" torr

Specimen temp. 980°C

1-2-66 3:55 PM Pump ig 1.3 x i0-_ torr

Sun. Sample ig 1.0 x i0"_ tort

Quartz ig 7.4 x i0"I torr

Specimen temp. 980°C

mmmmmmmlmmmmmmm_m_mmmmmmmmmmmmmmm_mmm_mmmlmmmmmmmmmmmNm_mmmmmmlmmmmmmmm_m

i-3-66 9"20 AM Pump ig 1.4 x i0"_ torr

Mon. Sample ig I.I x 10_7 torr
Quartz ig 8.1 x i0 - torr

Specimen temp. 980°C

9:30 AM Reduced specimen temp. to 885°C

............................. ......
Tues. Sample ig 1.2 x i0"_ torr

Quartz ig 9.3 x i0"- torr

IO:OOAM End of exposure
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TABLE 10-c

GAS COMPOSITION DURING THE EXPOSURE OF

Zr SPECIMEN NO. III

EXPOSURE NO. I0

Exposure

1.6 x 10-7 torr-O2-1100°C

2.5 x 10 -7 torr-O 2- 980°C

2.3 x 10 -7 torr-O 2- 885°C

1.6 x 10 -6 torr-O 2- 885°C

1.5 x 10-6 torr-g 2- 980°C

1.4 x 10 -6 torr-O2-1100°C

1.0 x 10 -5 torr-O2-llO0°C

1.1 x 10 -5 torr-O 2- 980°C

1.2 x 10-5 torr-O 2- 885°C

Time,Hrs.* CO 2

24 3.1

48 1.3

118 0.5

142 0.1

166 0.3

190 0.3

215 0.2

286 0.I

310 0.I

Gas Composition_ Molar Percent

02 CO H20 He H2

62.6 I,0 1,0 0 32,3

95.3 0.3 0.2 0 2.9

98.6 0.3 0.i 0 0,5

99.6 0.2 0 0 0.I

99.4 0.2 0 0 0.I

99.0 0.i 0.1 0 0,5

99.5 0.I 0.I 0 0.I

99.8 0.I 0 0 0

99.8 0.I 0 0 0

From start of 02 admission.
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Pressures given were taken

use of

TABLE 10-d

GETTERING RATES

EXPOSUREN0. i0

Zr Spgcimen No. III

at the end of each phase,

calibration data. Pressures are in tort.

and are corrected below by

Specimen Pump Sample Quartz

Phase Temple) Gage,p o Gage,Pl Gage,p 3

i ii00 3.32 (-6) 2.62_7) 3.40_8)

2 980 5.10_6) 3.65(-7) 3.50(-8)

3 885 4.60(-6) 3.35_7) 3.95(-8)

4 885 3.30(-5) 2.55(-6) 2.40(-7)

5 980 3.45(-5) 2.40(-6) 2.22(-7)

6 1100 3.10(-5) 2.25(-6) 3.10(-7)

7 Ii00 1.4(-4)* 1.60_5) 1.25(-6)

8 980 1.4(-4)* 1.70(-5) 1.41(-6)

9 885 1.5_4)* 1.85 (-5) 1.63(-6)

Gettering Rates

Qo_orr L/ _,micro-

sec grams/hr

1.64(-6) 9.70

2,55(-6) 15.0

2.29(-6) 13.5

1.64(-5) 96.6

1.73(-5) 102.

1.55 (-5) 91.2

Approx.

EXposure

Time,Hrs.

24

24

70

24

24

24

25

71

24

* Uncorrected instrument reading

NOTE: Figures in parentheses are

(no calibration available in this range)°

powers of I0; 1(-4) ffiI x 10 -4
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TABLE ll-a

GENERAL PARAMETERS_ EXPOSURE NO. Ii

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

Distance L:

Cb-IZr

90

0.045 x 0.965 x 1.500 in.

9.003 gram

980 deg C

5 x 10 -8 to 3 x 10 -5 torr

(approx.) (in steps)

-i0
i0 system

313 deg K (40 deg C)

Co = 0.172 (To/M) I/2 liters/sec

(for 02 at 313°K, CO = 0.538)

Second calibration, C.V.C. panels,

Figures^16, 17, and 18 (Figure I0

for I0 -_ range)

36 cm.
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TABLE ll-b

nEILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 11

Cb-iZr Specimen No. 90

Pressures given are uncorrected ion gage readings.

Specimen temperature = 980°C throughout exposure.

. _. ....._mm.. mm ---- q

2-17-66 11:45 AM

4:20 PH

.m..mmomwm.

Oxygen introduced to low 10 -9 torr pressure

Exposure 10 -5 torr-O2-980oc

Pump ig

Sample ig

Quartz Ig

I.i x 10-4 torr

1.15 x 10-5 torr

1.2 x 10-6 torr

2-18-66 8:05 AM Pump ig 1.3 x 10-4 torr

Sample tg 1.2 x i0"5 torr

Quartz ig i.i x 10-6 tort

11:50 AM

2-19-66 IO:30AM

ii :45 AM

02 reduced to 7 x 10-6 torr 02

Pump tg 8.5 x 10-5 torr

Sample Ig 7.2 x I0"_ tort

Quartz ig 7.4 x 10 -7 torr

02 reduced to I x 10 -6 tort 02

2-20-66 9:30AM l_Ip ig

Sample ig

Quartz ig

1.6 x 10-5 torr

1.6 x lO'6_torr

1.55 x lO'Itorr

10=45AM 02 reduced to 7 x 10-7 torr 02

•2-21-66 8:15 AM Pump ig 8 x I0-6 tort

Sample ig 7.0 x 10 -7 torr

Quartz ig 1.0 x 10 -7 torr

p _--..-------- . .--.--..--------

II:30AM

2-22-66 8:30AM

Reduced 02 to 3 x 10 -7 torr 02
..----...--.--e

Pump ig 3.1 x 10 -6 torr

Sample ig 3.2 x 10-7 torr

Quartz ig 5.1 x 10-8 torr

II:45AM

2-23-66 9:05 AM

Increased 02 to 3 x 10 -5 torr 02

Pump ig

Sample ig

Quartz Ig

3.2 x 10 -4 torr

3.0 x 10 -5 torr

3.0 x 10 -6 tort

II:30AM Reduced 02 to I x 10 -7 torr 02
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TABLE ll-b (cont' d.)

ImwmtmmmmmwNmmmtmmm_wmmm_mN I

------------ --Q..mWw...----. ...----......

2-24-66 8:45 AM

II:45AM
_n Q

2-25-66 9:00AM

Pump ig

Sample ig
Quartz ig

I.I x 10-6 torr

1.25 x 10-7 torr
2.9 x i0-8 tort

Reduced 02 to 7 x 10 "8 tort 02
_------.--...--.......--..

Pump ig 4.7 x 10-7 torr
Sample ig 6.8 x 10 -8 tort
Quartz ig 1.7 x 10 -8 tort

II:45AM

2-26-66 10:45 AM

Reduced 02 to 5 x

Pump ig 2.2
Sample ig 5.0

Quartz ig 1.4

i0"8 tort 02

x 10-7 torr

x 10-8 tort

x 10-8 tort

II :45 AM Oxygen off - Specimen heat off
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Exposure

1.2 x 10 -5 torr-O 2- 980°C

7.2 x 10 -6 torr-O 2- 980°C

1.4 x 10 -6 tort-02- 980°C

7.0 x 10 -7 torr-02- 980°C "

3.3 x 10 -7 torr-02- 980°C

2.8 x 10 -5 tort-02- 980°C

1.25 x 10"7tort-02 - 980°C

7.0 x 10 -8 torr-O 2- 980°C

4.9 x 10 -8 tort-02- 980°C

TABLE ll-c

GAS COMPOSITION DURING THE EXPOSURE OF

Cb- IZr SPECIMEN NO. 90

11
Gas Composltion_ Molar Percent

Time,Hrs.* CO2 02 CO H20 He

22 2.1 97.1 0.2 0 0.6

48 1.4 97.7 0.2 0 0.7

70 3.5 90.8 0.7 0.1 4.5

95 1.3 92.2 0.5 0.1 5.7

119 1.0 93.8 0.5 0.3 1.5

143 0.6 99.3 0•1 0 0

167 15.5 75.6 6.6 0.4 0

191 19.0 65.5 12.0 0.5 0

216 18.0 59.1 19.0 0.4 0

H2

0

0

0.4

0.2

2:9

0

1.9

3.0

3.5

* From start of 02 admission.
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Phase

1

2

3

4

5

6

7

8

9

TABLE ll-d

GETTERING RATES

EXPOSURE NO. ii

Cb-iZr Specimen No. 90

Pressures given were taken at the end of each phase, and are corrected below by

use of calibration data. Pressures are in tort.

Getterin_ Rates Approx.
Specimen Pump Sample Quartz Qotorr L/ ,_, micro- Exposure

Temp (°C) Gage,p o Gage,p I Gage,p 3 Sec grams/hr Time,Hrs.

980 1.3(-4)* 7.4(-6) 7.8(-7) .... 24

980 5°9(-5) 5.0 (-6) 5.8 (-7) 2.90(-5) 171 24

980 1.0 (-5) 1.08(-6) 1.3 (-7) 4.80 (- 6) 28.3 23

980 5.1(-6) 4.8 (-7) 8.4 (-8) 2.49 (-6) 14.7 25

980 1.94(-6) 2.2 (-7) 4.3 (-8) 9.25 (-7) 5.46 24

980 3.2(-4)* 1.95(-5) 2.26(-6) .... 24

980 6.7(-7) 8.4 (-8) 2.7 (-8) 3.15 (-7) 1.86 24

980 3.2 (-7) 5.0 (-8) 1.75 (-8) 1.45 (-7) 0.857 24

980 1.5 (-7) 3.9 (-8) 1.48 (-8) 5.97 (-8) 0.352 24

* Uncorrected instrument reading (no calibration available in this range)

Note: Figure in parenthesis are powers of i0; 1(-4) = i x 10-4
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TABLE 12- a

GENERAL PARAMETERS_ EXPOSURE NO. 12

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To)

System Conductance:

Gage Calibrations:

Distance L:

Cb- .75Zr

88

0.050 x 0.959 x 1.497 in.

10.125 gram

885 and 980 deg C

i x 10 -7 to i x 10 -5 torr

(approx.) (in steps)

10 -8 system (with special induction

heater)

298 deg K (25 deg C)

C = 0.203 (T /M) I/2 liters/sec
O O

(for 02 at 298°K, C o = 0.619)

Second calibration, G. E. panels,

Figuresel9, 20, and 21 (Figure 13

for i0 -_ range).

35 cm
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TABLE 12-b

_ILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 12

Cb-.75Zr Specimen No. 88

Pressures given are uncorrected ion gage readings.

3-22-66

3-23-66

II:30AM

4:30 PM

--. w.m-

Applied heat to specimen at i005°C

Specimen temperature lowered to 980°C

02 introduced to low 10-8 _ressure

Exposure 10-5 torr-O 2- 980vC
...wmmmmmm.wmmmmmmm.m#m.

8:00AM Pump ig

Sample ig

Quartz ig

1.4 x 10-4 torr

1.0 x I0"5 torr

1.3 x I0-6 torr

3-24-66

2:30 PM

4:30 1_

4:30 PH
n----.=

7:45 AM

02 off. Heat off.
Heat on - 980°C

02 on - 5 x 10 -6 torr

Pump ig 5.9 x 10 -5 torr

Sample ig 4.8 x 10-6 tort

Quartz ig 5.2 x 10 -7 torr

11:50 AM

4:10 PM

4:30 PM

02 off. Heat off.

Heat on - I_05°C

02 on - i0-v tort. Specimen temperature 980°C

3-25-66 8:00 AM

1:30 PM

4:20 1_4

4:45 PM

Pump ig

Sample ig

Quartz ig

1.4 x 10 -5 torr

I.i x 10-6 torr

1.5 x 10-7 torr

02 off. Heat off.

Heat on - i005°_

02 on - 5 x 10"" tort. Specimen temperature 980°C

3-26-66 10:OOAM

10:05AM

3-27-66 10:00AM

10:20AM

Pump ig 5.8 x 10 -6 torr

Sample ig 5.1 x 10 -7 torr

Quartz ig 7.5 x 10-8 torr

Reduced 02 to I x 10-7 torr. Specimen temp. 980°C

Pump ig 1.6 x 10-6

Sample ig 1.5 x 10-7

Quartz ig 2.5 x 10-8

Increased 02 to 10-5 tort

Lowered temp. to 885°C

m m# mm#immlmmmmm_--mmm_m_Nmmll_--Imm--mmmmmm#tmmm_m_mmmmmmm_mmmm m mmmmmmmm m

3-28-66 8:00 AM Pump ig 1.3 x 10 -4 tort

Sample ig 1.0 x 10 -5 torr

Quartz ig 2.3 x 10 -6 torr
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TABLE12-b(cont'd.)

3-28-66 (cont' d)

3-29-66

9:10 AM

2:30 PM

4:30 PM

8:05 AM

02 off. Heat off.
Heat on - 910°C

02 on - 5 x 10-6 torr. Specimen temp. 885°C

Pump Jg 5.2 x 10-5 torr

Sample ig 4.7 x 10-6 torr

Quartz Ig 9.0 x 10-7 torr

9:45 AM

11:30 AM

1:30 PM

02 off. Heat off.
Heat on 910°C.

02 on - 1 x 10-6 torr. Specimen temp. 885°C

3-30-66 8:00AM

1:30 PM

Pump Ig 1.2 x 10 -5

Sample ig 1.5 x 10 -6

Quartz ig 2.5 x 10 -7

02 reduced to 1 x 10 -7 .

torr

torr

torr

Specimen temp. 885°C

3-31-66 8:05 AM

1:30 PM

Pump ig

Sample ig

Quartz ig

8.7 x 10-7 torr

1.0 x 10-7 torr

3.7 x 10-8 torr

02 off. Specimen heat off.
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 BLE 12-,.c

GAS COMPOSITION DURING THE EXPOSURE OF

Cb-.75Zr SPECIMEN NO. 88

EXPOSURE NO. 12

Exposure

LJ

1.0 X 10-5 torr-O 2- 980°C 0.3

1.0 x i0 -5 torr-O2- 980°C 21

4.9 x 10 -6 torr-02- 980°C 40

i.i x 10 -6 torr-O 2- 980°C 57

5.1 x 10 -7 torr-O 2- 980°C 74

1.5 x 10 -7 torr-O 2- 980°C 98

i.i x 10 -5 torr-O 2- 885°C 120.5

4.6 x 10-6 torr-O 2- 885°C 137.5

1.2 x 10 -6 torr-O 2- 885°C 161

1.0 x i0"7 torr-O2 - 885°C 185

Time,Hrs_

Gas Composltlon_ Molar Percent

CO2 02 CO H20 He

3.8 95.6 0.6 0 0

5.1 94.5 0.4 0 0

1.8 97.7 0.4 0 0

6.5 92.7 0.7 0 0

I0.0 88.4 1.4 0 0

14.4 81.7 3.3 0 0

6.8 92.7 0.5 0 0

6.8 92.7 0.5 0 0

8.2 90.6 1.1 0 0

23.0 68.2 8.3 0 0

From start of 0 2 admission.

H2

Or

0

0. i

0.I

0.2

0.6

0

0

0.I

0.5

-77-



_aae

m

1

2

3

4

5

6

7

8

9

Note:

TABLE 12_d

GETTERING RATES

EXPOSURE NO. 12

Cb-.75Zr Specimen No. 88

Pressures given were taken at the end of each phase, and are corrected below

by use of calibration data. Pressures are in tort.

Gettering Rates Approx.

Specimen Pump Sample Quartz Qotorr L/ m,micro- Exposure

Temple) Gage,p o Gage,p 1 Gage,p 3 Sec grams/hr Time,Hrs.

980 1.4(-4)* 1.55_5) 2.35(-6) .... 16

980 1.0_4) 7.1 (-6) 9.0 (-7) 5.75 (-5) 357 16

980 2.4(-5) 1.8 (-6) 2.6 _7) 1.38(-5) 85.2 16

980 9.4(-6) 7.5 (-7) 1.1 _7) 5.36 (-6) 33.2 18

980 2.85(-6) 2.2 (-7) 3.8 _8) 1.63(-6) 10.1 24

885 1.3 _4)* 1.55_5) 4.0 (-6) .... 22

885 8.9 (-5) 7.0 (-6) 1.57_6) 5.08 (-5) 315 16

885 2.07 _5) 2.4 _6) 4.3 (-7) 1.13 _5) 70.2 18

885 1.46_6) 1.45_7) 5.6 (-8) 8,15(-7) 5.05 18

* Uncorrected instrument reading (no calibration available in thls range)

Flgures ln parenthesis are powers of i0; I(-4) = 1 x 10-4
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TABLE 13-a

GENERAL PARAMETERS, EXPOSURE NO. 13

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To) :

System Conductance :

Gage Calibrations:

Distance L:

FS-85

ii0

0.029 x 0.953 x 1.496 in.

6.807 gram

885 and 980 deg C

i x 10 -7 to i x 10 -5 torr

(approx.) (in steps)

I0 -I0 system

311 deg K (38 deg C)

Co = 0.172 (To/M)I/2 liters/sec

(for 02 at 311°K, Co = 0.537)

Second calibration, C.V.C. panels,

Figures 16, 17, and 18 (Figure i0

-8

for i0 range).

37 cm
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II:30AM

DAILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 13

FS-85 Specimen No. 110

Pressures given are uncorrected ion gage readings.

3-10-66 10:30AM System pressure at low 10-9

Applied heat to specimen at I025°C

Oxygen introduced to low 10 -8 pressure

Exposure 10-5 torr-O 2- 980°C

3-11-66 8:00AM Pump ig

Sample ig

Quartz ig

1.5 x 10"4tort

1.2 x lO'_torr
1.3 x I0- torr

11:30 AM Oxygen reduced to 5 x 10"6torr-O2 - 980°C
. .i m_mm.. ..m. ...._....

3-12-66 10:00AM Pump Ig 4.8 x lo'Storr

Sample ig 4.4 x 10"6torr

Quartz ig 4.5 x 10"7torr

11:15 AM

3-13-66 9:40 AM

Oxygen reduced to I x 10-6torr-O2 - 980°C

Pump ig

Sample ig

Quartz ig

1.4 x 10"Storr

1.2 x lO'gtorr

1.5 x 10"Ttorr

10:30 AM

3-14-66 9:40AM

Oxygen reduced to 5 x 10 -7 torr-O 2- 980°C

Pump ig 6.3 x 10"6torr

Sample ig 5.6 x lO-7torr

Quartz ig 8.1 x lO'8torr

II:30AM oxygen reduced to I x 10-7 torr-O 2- 980°C

m _--_.._... .. ._.i.--w......--. .......i_

3-15-66 8:05 AM PUmp ig 1.3 x lO'6torr

Sample ig 1.4 x 10"7torr

Quartz ig 3.0 x 10"8tort

II:30AM Oxygen increased to 1 x lO-5rorr

Specimen temperature reduced to 885°C

3-16-66 8:00AM Pump ig 1.3 x 10"4torr

Sample ig 1.2 x 10"5torr

Quartz ig 2.2 x lO'6torr

11:30 AM Oxygen reduced to 5 x 10 -6 torr-O 2 - 885°C
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TA BL_;I 3-b (cont' d_

3-17-66 8:10 AM Pump ig 4.9 x lO'5torr

Sample ig 5.1 x 10"6torr

Quartz ig 8.7 x lO'7torr

11:30 AM Oxygen reduced to 1.0 x 10"6torr-O2 - 885°C

3-18-66 8:10 AM Pump ig 1.3 x 10 -5 torr

Sample ig 1.5 x 10 -6 tort
Quartz ig 3.5 x 10 -7 torr

11:30AM

3-19-66 IO:I5AM

Oxygen reduced to 1 x 10-7 torr-O 2- 885°C

Pump Ig 1.3 x I0 "6 torr

Sample Ig 1.4 x I0-7 torr

Quartz Ig 3.5 x 10-8 tort

11:30AM Oxygen off. Specimen heat off.
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Exposure

1,2 x 10 -5 torr-02- 980°C

1.2 x 10 -5 torr-O 2- 980°C

4.6 x 10 -6 torr-O 2- 980°C

1.7 x 10 -6 torr-O 2- 980°C

5.4 x 10 -7 torr-O 2- 980°C

1.4 x 10 -7 torr-02- 980°C

1.4 x 10 -5 torr-O 2- 885°C

4.8 x 10-6 torr-O 2- 885°C

1,5 x 10 -6 torr-O 2- 885°C

1.45x 10-7 torr-O 2- 885°C

TABLE 13_c

GAS COMPOSITION DURING THE EXPOSURE OF

FS-85 SPECIMEN NO. ii0

EXPOSIII_ NO. 13

Time,Hrs.*

I

23

47

71

95

119

143

168

192

216

Gas Composition ' Molar Percen _

CO 2 02 CO H20 He

4.8 92.1 2.1 0.4 0

0.8 98.2 0.7 0.1 0.1

0.4 98.4 0.8 0.I 0.I

1.0 95.7 1.5 0.5 0.7

0.7 86.1 5.4 1.6 2.4

3.8 83.4 7.9 2.4 0.8

2.0 97.2 0.8 0 0

2.2 96.6 1.2 0 o

0.6 97.9 1.0 0 0

3.0 89.1 3.6 0.5 0

H2

0.6

0.I

0.2

0.6

3.8

1.7

0

0

0.5

3.8

* From start of 0 2 admission.
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TABLE 13'd

GETTERING RATES

EXPOSURE NO. 13

F8-85 SPECIMEN NO. ii0

Pressures given were taken at the end of each phase, and are corrected below by
use of calibration data. Pressures are in torr.

Phase

I

2

3

5

6

7

8

9

Gettering Rates Approx.

Specimen Pump Sample Quartz Qotorr L/ m,micro- Exposure

Temp _C) Gage, po Gage,p I Gage, p3 Sec grams/hr Time,Hrs.

980 1.5 (-4)* 7.4 (-6) 9.4 (-7) .... 21

980 3.2 (-5) 3.0 (-6) 3.45(-6) 1.56(-5) 92.3 23

980 8.7 (-6) 8.6 (-7) 1.25(-7) 4.20(-6) 25.0 22

980 4.0 (-6) 3.8 (-7) 6.3 (-8) 1.94(-6) 11.5 23

980 8.0 (-7) 9.4 (-8) 2.8 (-8) 3.79(-7) 2.25 20

885 1.3 (-4)* 7.4 (-6) 1.63(-6) .... 20

885 3.3 (-5) 3.5 (-6) 6.8 (-7) 1.58(-5) 93.9 20

885 8.1 (-6) 1.0 (-6) 2.8 (-7) 3.81(-6) 22.6 20

885 8.0 (-7) 9.4 (-8) 3.2 (-8) 3.79(-7) 2.25 24

Note:

* Uncorrected instrument reading 5o calibration available in this range)

Figures in parenthesis are powers of i0; 1(-4) = i x I0"4.
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TABLE 14-a

GENERAL PARAMETERS _ EXPOSU RE NO. 14

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

Distance L:

SCb-291

99

0.028 x 0.964 x 1.497 in.

6.218 gram

885 and 980 deg C

i x 10 -7 to I x 10 -5 torr

(approx.) (in steps)

-i0
i0 system

311 deg K (38 deg C)

Co = 0.172 (To/M)I/2 liters/sec

(for 02 at 311°K, Co = 0.536)

Second calibration, C.V.C. panels,

Figures 16, 17 and 18 (Figure i0

-8
for I0 range).

35 cm.
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TABLE 14-b

DALLY L0C OF P_qSUmZ I_AS_S

zxPo n 14

SCb-291 Specimen No. 99

Pressures given are uncorrected ion gage readings°

4-18-66 9:00AH Heat applied to specimen at i005°C

System pressure low 10-9

4-20-66 II:20AM Oxygen introduced to high i0 "I0 tort pressure.

Exposure 10 -5 torr - 02 - 980°C

• .Following.this a series of steps was run with sample gage readings

of 1 x I0 "), 5 x 10 "_, --=etc.; however, the bakeable system valve (between

glass system and pumps) had become positioned nearly closed, with a consequence

of reducedpumping speed for residual gases, and a high partial pressure of

these gases. Therefore, the opening of the valve was increased and a repeated

exposure was started at this time, as tabulated below.
mm m. m m _..mmm....m m mm _ m m

4-29-66 II:ISAM

4-30-66 10:00AX

Exposure 10-7 torr - 02 m 885Oc

Pump ig

Sample ig

Quartz ig

8.3 x 10 -7 tort

i.i x 10 -7 torr

2.9 x 10 -8 torr

| _m m.... m! m im. m. *.._--. |. m .|

mm ! | m |.|lm.l|mm|mmmi#i

10:0SAM ......Oxygeu'-Incressed to tX TO -6 tort - 02 _ 885°C
..m. ----m.... ._mm.....m.m..m....m.mm...--m

5-1-66 9:30AM Pump ig 1,25 x 10 -5 tort

Sample tg 1.35 _ 10= 6 torr

Quartz ig 2.8 x 10 -7 torr

I0:00 AM Oxygen increased to 5 x 10-6 torr - 02 - 885°C

5-2-66 9:30 AM Pump tg 5.2 x 10 -5 torr

Sample ig 5.2 x 10 -6 torr

Quartz ig 1.3 x I0 -6 torr

10:ISA]_ Oxygen increased to I x 10 -5 tort - 02 885°C

5-3-66 I0:00 AM Pump ig 1.2 x i0 -4 torr

Sample ig 1.3 x 10-5 torr

Quartz ig 2.8 x 10 -6 torr

10:15 AM Specimen temperature increased to 980°C

: Oxygen reduced to I x I0 m7 tort 02
• " _ m . ......m.m m m_
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TABLE 14-b(cont 'd.)

5-4-66 10:50AM Pump Ig

Sample ig

Quartz Ig

1.2 x 10-6 torr

1.3 x 10 -7 torr

3.2 x 10 -8 torr

11:00 AM

m m o ........._.. m

5-5-66 I0:00 AM

Oxygen increased to 5 x 10-7 torr - 02 - 980°C
m

Pump Ig 5.5 x 10 -6 torr

Sample ig 5.1 x I0"_ torr

Quartz ig 1.2 x 10 -7 torr

10:15 AM Oxygen increased to 10 -6 torr - 02 - 980°C

5:6:66 ..... 9:.30"'_''''_;'_; ...... 1:25 X 10 -5 tort .........

Sample iS 1.15 x I(_7° torr
Quartz ig 2.1 x I0" torr

10:00AM
_..m....mm_..mmme.ma

5-7-66 9:20 AM

Oxygen increased to 5 x 10-6 torr - 02 - 980°C

Pump ig 6.4 x 10-5 torr

Sample iS 6.0 x 10-6 torr

Quartz Ig 1.2 x 10 -6 torr

9:30AM Oxygen increased to 10 -5 torr - 02 - 980°C
mm mmmemmm mm m..m..mmmme_.m.mmm_._m m _ mmmm _..._mem.m..mm....

5-8-66 9:45 AM Pump ig 1.3 x 10"4

Sample Ig 1.2 x I0"_ torr

Quartz Ig 2.2 x 10 m6 torr

10:30 AM Oxygen off. Heat off.
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TABLE 14-c

C_g C_ITION DURING THE EXPOSURE OF

SCb-291 SPECIMEN NO. 99

Exposure
°

1.1 x 10"7torr-02-885°C

1.35 x 10"6_orr-02-885°C

5.2 x 10 "6 torr-02-885°C

1.3 x 10 -5 torr-02-885°C

1.3 ¢ 10"7 torr-02-980°C

5.ix 10 -7 torr-O2-980°C

1.15 x 10"6 torr-02-980°C

6.0x •10-6 torr-02-980°C

1.2 x 10 -5 torr-02-980°C

n  s.ez 14

Tlme,Hrs

23

46.5

70_5

95

120

143

166.5

190:. 5

215

co2

8.6

3.7

9.1

2.6

5.8

2.6

1.4

2.1

2.1

Gas Composttton_Molar Percent

O2
w

77.2

94.0

87.2

96.3

71.0

85.7

93.7

95.3

96.9

CO

13.2

2.2

3.7

1.1

22.6

11.3

4.8

2.6

1.0

H20 He

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0

0

_2

1.0

0.i

0

0

0.6

0.4

0.I

0

0

From start of 02 admission.
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Pressures given were taken at

TABLE 14-d

GETTERING PATES

EXPOSURE NO.14

SCb-291 Specimen No.

the end of each phase,

99

and are corrected below by

use of calibration data. Pressures are in torr.

Gettering Rates Approx.

Specimen Pump Sample Quartz Qotorr L/ _,micro- Exposure

Phase Temp (°C) Gage, p o Gage'Pl Gage'P3 sec grams/hr Time,Hrs.

1 885 5.6_7) 7.4(-8) 2.7(-8) 2.61(-7) 1.55 23

2 885 7.7(-6) 9.1(-7) 2.3(-7) 3.64(-6) 21.6 24

3 885 3.5_5) 3.6(-6) 9.4(-7) 1.68(-5) 99.9 24

4 885 1.2(-4)* 8.1_6) 2.1(-6) .... 24

5 980 7.3(-7) 8.7(-8) 2.9(-8) 3.45 (-7) 2.05 24

6 980 3.5(-6) 3.5(-7) 1.0(-7) 1.69(-6) I0.0 23

7 980 7.7(-6) 8.2(-7) 1.73(-7) 3.69(-6) 21.9 24

8 980 4.4(-5) 4.1(-6) 8.6(-6) 2.14(-5) 127 23

9 980 1.3(-4)* 7.4(-6) 1.63(-6) .... 24

Note:

* Uncorrected instrument reading (no calibration available in this range)

Figures in parenthesis are powers of i0; 1(-4) = i x 10-4
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TABLE 15-a

GENERAL PARAMETERS_ EXPOSURE NO. 15

Specimen Composition:

Specimen Number:

Specimen Size:

Specimen Weight:

Specimen Temperature:

Pressure, "Sample Gage" (pl):

Vacuum System:

Conductance Temperature (To):

System Conductance:

Gage Calibrations:

Distance L:

Ta (unalloyed)

94

0.031 x 0.963 x 1.496 in.

12.069 gram

885 and 950 deg C

i x 10 -7 to I x 10 -5 torr

(approx.) (in steps)

-8
i0 system (with special

induct ion heater)

300 deg K (27 deg C)

Co = 0.203 (To/M)I/2 liters/sec

q

(for 02 at 300°K, C = 0.622)
o

Second calibration, G. E. panels,

Figures 19, 20 and 21 (Figure 13

for 10 -8 range).

35 cm.
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TABLE 15-b

DAILY LOG OF PRESSURE MEASUREMENTS

EXPOSURE NO. 15

Ta Specimen No. 94

Pressures given are uncorrected ion gage readings.

4-22-66

4-23-66

3:40 PM

4:15 PM

5:15 PM

9:30 AM

10:50 AM

Heat applied to specimen at 980°C

Oxygen introduced to 1.0 x 10 -8 pressure

Exposure 10-5 torr-O 2- 950°C

Pump ig i.I x 10-4 _orr

Sample ig 1.0 x I0"J torr

Quartz ig 2.9 x 10-6 tort

..............................
Sample ig 1.4 x 10 -5 torr

Quartz ig 5.5 x 10 -6 tort

02 reduced to 5 x 10 -6 torr-02-950°C

4-24-66 10:20 AM

10:30 AM

Pump ig 4.2 x 10 -5 torr

Sample ig 5.4 x 10 -6 torr

Quartz ig 2.2 x 10 -6 torr

02 reduced to 10-6 torr-02-950°C

4-25-66 10:30 AM

10:40 AM

Pump ig I.I x 10 -5 _orr

Sample ig 1.4 x I0 -v torr

Quartz ig 6. x 10-7 torr

02 reduced to 5 x 10-7 torr-02-950°C

4-26-66 I0:00 AM

10:30 AM

Pump ig 2.9 x 10-6 torr

Sample ig 4.6 x 10-7 torr

Quartz 2.2 x 10-7 torr

02 reduced to 1 x 10-7 torr-02-950°C

4-27-66 8:00 AM

1:45 PM

Pump ig 7.0 x 10-7 torr

Sample ig 1.2 x 10 -7 torr

Quartz ig 7.5 x 10-8 tort

Specimen temperature reduced to 885°C

02 increased to I x 10 -5 torr-O 2
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TABLE 15-b _cont' d. )

4-28-66 9:00 AM Pump ig i.i x 10 -4 tort

Sample ig 1.6 x 10 -5 torr

Quartz ig 8.3 x 10 -6 tort

9:30 AM

4:10 PM

4:40 PM

4-29-66 11:45 AM

02 off Specimen heat off

Heat applied to specimen at 910°C

02 introduced - 5 x 10-6 torr-02-885°C

Pump ig 2.2 x 10 -5 tort

Sample ig 4.6 x 10 -6 torr

Quartz ig 2.6 x 10 -6 tort

4:30 PM

5-3-66 8:30 AM

12:00 Noon 02 off

12:30 PM Specimen heat off

5-2'66.... 3:10 PM Heat applied to specimen at 910°C _

02 introduced - I x 10 -6 torr-885°C

Pump ig 6.4 x 10 -6 tort

Sample ig 1.15 x 10 -6 tort

Quartz ig 7.2 x 10 -7 tort

8:50 AM 02 Off

9:00 AM Specimen heat off

3:00 PM Heat applied to specimen at 91000

4:30 PM 02 introduced - I x 10 -7 tort - 885°C
_'---- ---- ------m.._._ i.i.i.

5-4-66 !0:00 AM Pump ig 5.9 x 10-7 t0rr

Samp_ ig 1.4 x 10 -7 tort

Quartz ig 9.5 x i0"8

..... i0:i0 AM 02 off. Specimen heat off. .....
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TABLE 15-c

GAS COMPOSITION DURING THE EXPOSURE OF

Ta SPECIMEN NO. 94

EXPOSURE NO. 15

Exposure

i x 10-5 tort-02" 950°C

1.4 x 10-5 to_r-O 2, 950°C

5.4 x 10-6 torr-O 2- 950°C

1.4 x 10-6 tort-02" 950°C

4.6 x 10-7 torr-O 2" 950°C

1.2 x 10-7 tort-02" 950°C

1.6 x 10-5 tort'02" 885°C

4.8 X 10-6 tort'02" 885°C

1.15 x 10-6 torr-02" 885°C

1.4 x 10 -7 torr'O 2- 885°C

* From start of 02 admission.

Gas Compositiona Molar Percent

Time, Hrs. C02 02 CO H20

1 15.9 82.7 1.4 0

19 4.7 94.8 0.5 0

42 6.3 93.1 0.6 0

66 6.5 92.7 0.8 0

89.5 11.9 86.0 2.1 0

111 19.5 74.0 6.4 0

130 I.I 98.8 0.I 0

149 3.4 96.2 0.4 0

165 4.4 95.1 0.5 0

182,5 I0.2 85.4 4.4 0

He

0

0

0

0

0

0

0

0

0

0

H2

0

0

0

0

0

0.I

0

0

0

0
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Pressures

by use of

Phase

1

2

3

4

5

6

7

8

9

Note:

TABLE 15-d

GETTERING RATES

EXPOSURE NO. 15

Ta Specimen No. 94

given were taken at the end of each phase_ and are corrected below
calibration data. Pressures are in torr.

Gettering Rates Approx.

Specimen Pump Sample Quartz Qotorr L/ m,mlcro- Exposure

Temp_C) Gage,p o Gage,p I Gage,p 3 sec grams/hr Time,Hrs.

#60 1.1(-4)* 2.15(-5) 8.9(-6) .... 17

950 7.2(-5) 7.9(-6) 3.8(-6) 3.98(-5) 245 23

950 1.9(-5) 2.25(-6) 1.05(-6) 1.04 (-5) 64.1 24

950 4.9(-6) 6.7(-7) 3.8(-7) 2.63(-6) 16.2 23

950 1.18(-6) 1.74(-7) 1.1(-7) 6.25(-7) 3.85 21

885 1.1(-4)* 2.5(-5) 1.2(-5) .... 19-

885 3.8(-5) 6.8(-6) 4.5(-6) 1.94 (-5) 119 19

885 1.03(-5) 1.88(-6) 1.25(-6) 5.23 (-6) 32.2 16

885 8.7(-7) 2.1(-7) 8.7(-8) 4.10(-7) 2.52 17

*Uncorrected instrument reading (no calibration available in this range)

Figures in parenthesis are powers of I0; 1(-4) = 1 x 10-4
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7 EXPERIMENTAL RESULTS FP_M ION C_GE _EST8

7-1. Effect of Emission Current

Early in this program there was a strong indication that a 1 ma

emission current would eliminate the instabilities which had been observed

when the gages were operated at 0.i ma emission This brought sbeut a change

to a 1 ma emission current for all system gages_ Some earlier tests had

indicated that gage readings in the 10 -9 torr range were quite different for

the two emission currents.

To test this effect at higher pressures_ tests were made on 13 January

1966_ comparing 1 ma to 0.i ma in the 10 -9 through the 10 -6 torr decades.

The tests were made while the gages were in the calibration position (see

Section 8). Results are shown in Table 16.

It can be seen from these results that there was very little_ if any_

effect of these emission currents_ even in the 10 -.9 tort pressure range. The

reason these results did not check with the previous tests is not known.

Later_ during the ii th exposure_ tests were made on the effect of

0.i_ 1.0_ and 5 ma emission currents, Results are given in Table 170 In

these tests the io0 ma emissions gave generally higher readings than either the

0.I or the 5 ma_ by factors usually in the range 1.2 to 1.4.

7-2. Effect of Ion Gages on Gas Composition

Tests were made to determine whether the ion gages (with thoria-coated

iridium filaments) were sources of CO and CO 2. The results_ presented in

Tables 18 and 19_ indicate that the gages do seem to play a part in the produc-

tion of these gases, For example_ Table 19 shows that at 10 -7 torr pressure_

with all three gages on_ the percentage of the residual gases went down as the

emission current was lowered from 5 ma to 0.i ma, Then_ at 1,0 ma emission

current_ the residual gas percentage went down further as the gages were turned

off one by one. Table 18 gives results for the 10 -8 system (at room temperature)_

and Table 19 is for the i0 -I0 system with the _peeimen furnace on (but with no
-95-
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TABLE 16

TESTS MADE TO COMPARE

1 MA IWIT_ 0.1 MA EMISSION

Date of Tests:

Gages used:

Gas:

13 January 1966

Those from 10 "10 system

with G.E. Controller s

Oxygen

QUARTZ GAGE (P3),
ii i i i

PUMP GAGE (Pl)i
i

1 ma 0.1 ma 1 ma 0.1 ma

SAMPLE GAGE (Pc))

I ma O. I ma

7.4 (-8) 7.8 ('9) 7.2 (-8)
4.3 " 4.3 " 4.0 "

3.1 " 2.9 " 2.7 "

1.6 " 1.6 " 1.5 "

8.0 " 8.1 " 7.8 "

1.95 (-7) I. 95 (-8) I. 95 (-7)
4.6 " 4.7 " 4.65 "

6.8 " 7.0 " 6.9 "

1.6(-6) 1.6 (-7) 1.6 (-6)

5,45 " . 5.4 " 5.5 "

7.2 " 7.0 " 7.25 "

7.5 (-9) 8.2 (-8) 8.3 (-9)
4.0 " 4.6 " 4.4 "

2.6 " 3.0 " 2.7 "

1.5 " 1,7 " 1.5 "

7.8 " 8.7 " 8.6 "

1.9 (-8) Z. Z5 (-7) Z. Z5 (-8)
4.6 " 5.3 " 5.2 "

6.85 " 7.8 " 7.6 "

1.55 (-7) 1. 75 (-6) 1.7 (-7)
5.5 " 6.3 " 6.1 "

7.15 " 8.1 " 7.8 "

All above readings were obtained by leaving all gages at 1 ma, then turning 1 one

gage at a time down to 0.1 ma emission, and taking a reading after steady

conditions were reached (in about 1 rain. ). To check long-term effects, the

Quartz and Pump gages were then left at 0.1 ma overnight, and the following

readings obtained the next morning (this time, by turning the emission up to
1 ma from 0.1 ma):

5.4 (-8) 5.6 (-9) 5.5 (-8) 5.6 (-9) 5.7 (-8) 5.5 (-9)

The system was then pumped down to the next lower decade (where the fraction

0 2 was probably quite low) and the following results obtained:

9.4 (-9) 8.8 (-10) 8.3 (-9) 8.1 (-10)

7.0 (-9) 7. Z (-10) 6.7 (-9) 6.5 (-10)

Note s :

(I)

(z)

8.8 (-9) 8.3 (-10)
7. o (-9) 6.8 (-lO)

Numbers in parentheses are powers of ten: (-6) = x 10 -6

Table values are actual instrument readings (uncorrected). The Palues under
"1 ma" are pressures in tort. The values under "0.1 ma" would have to

be multiplied by 10 to obtain pressure in torr.
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Time

2-17-66 3:00 PM

2-18-66 II:OOAM

2:35 PM

TABLE 17

TESTS TO DEr_I_IINE THE EFFECT OF

EMISSION CURRENT ON ION GAGE READINGS

Exposure NQ. ii

Emission Current
.m',

ima 0.I ma 5.0ma

e 1.25(-4)
S I.15 (-51
Q 1.35(-6)

e 1.2 (-41
s 1.0(-5)
Q 1.2 (-61

8.2 (-51 8.2
6.3 (-6) • 7.4
1.0(-6) 1.0

8.5 (-51 8.0
6.3 (-6•) 7.4

8.5 (-71 8.4

(-5)
(-6)
(-6)

(-5) _
(-6)
(-7)

P 7.4 (-5)
S 6.6 (-6)

Q 6.8 (-7)

5.5 (-5)
4.2 (-6)
5.o(-7)

5.4 (-5)

5.0 (-6)
5.0(-7) '

2-19-66 IO:30AM

12:30 PM

2-20-66 9:30AM

II:00AM

2-21-66 8:15 AM

3:05 I'M

2.22-66 8:00AM

1:15 PM

P 8.5 (-5) 6.2 (-51 5.8 (-51

S 7.2 (-6) 4.6 (-61 5.2 (-6)
Q • 7.4 (-7) 5.5 (-7) 6.6 (-7)

- e 1.5 (-5) 1.2 (-5)
S 1.4 (-6) 1.0 (-6)
Q 1.8 (-7) 1.4 (-7)

1.2 (-5)
1.1 (-6)
1.4 (-7)

P 1.6 (-5) 1.15 (-5) 1.2 (-5)
B 1.6 (-6) 9.4 (-7) 1.0 (-6)
Q 1.55 (-7) 1.25 (-7) 1.2 (-7)

e 8.0 (-6) 5.4 (-6) "5.4 (-6)

S 6.7 (-7) 5.0 (-7) 5.3 (-7)
Q 1.0 (-7) 7.5 (-8) •7.8 (-8)

--.. --..

P 8.0 (-6) 5.2 (-6) 5.2 (-6)

S 7.0 (-7) 4.9 (-7) 5.0 (-7)
Q 1.0 (-7) 7.5 (-81 8.4 (-81

P 3.0 (-6) 1.9 (-6) 2.0 (-6)
S 3.2 (-7) 2.3 (-7) 2.8 (-7)
Q 5.2 (-8) 4.1 (-8) 4.6 (-8)

--D------------------------

P 3.1 (-6) 2.0 (-61 2.2 (-e1
fi 3.2 (-7) 2.4 (-7) 2.6 (-7)
Q 5.1 (-8) 4.3 (-8) 4.7 (-8)

P 3.3 (-4) 2.1 (-4) 2.2 (-4)
S 2.8 (-5) 1.7 (-5) 2.0 (-5)
Q 2.5 (-6) 1.7 (-6) 1.8 (-6)
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_.m_ .17(cont'd.)

Time ._mission Current

lma 5.0ma

2-23-66 9:05AM P 3.2 (-4)
s 3.o (-5)
Q 3.0 (-6)

2.2 (-4)
1.9 (-5)
2.1 (-6)

2.2 (-4)
2.0 (-5)
2.0 (-6)

4:15 PM P 1.3 (-6)

8 1.4 (-7)
q 3.6 (-8)

2-24-66 8:45 AM P I.i (-6)
S 1.25 (-7)
q 2.9 (-8)

1.0 (-6)
1.o (-7)
3.4 (-8)

1.2 (-6)
1.2 (-7)
3.4 (-8)

6.7 (-7)
1.0 (-7)
2.7 (-8)

7.4 (-7)
1.1 (-7)
2.7 (-8)

2:12 I'M P 4.8 (-7) 3.2 (-7)
8 7..2 (-8) 6.8 (-8)
q 2.0 (-8) z.6 (-8)

-...--...--m ,m ..m...m _ .. _ ....... --....-- m--.--.--....m----....... --..m _

2-25-66 9:00 AM P 4.7 (-7) 3.1 (-7)
8 6.8 (-8) 6.4 (-8)
q 1.7 (-8) 1.4 (-8)

3.6 (-7)
7.0 (-8)
1.8 (-8)

3.6 (-7)
6.4 (-8)
1.6 (-8)

4:00 1:_ P 2.3 (-7)
8 4.8 (-8)
q 1.6 (-8)

---- m.....-- ....--.....--.....--.. ..,

2-26-66 10:45 AM P 2.2 (-7)
B 5.0 (-8)
q 1.4 (-8)

1.5 (-7) 1.8 (-7)
4.8 (-8) 4.8 (-8)
1.3 (-8) 1.8 (-8)

1.7 (-7) 1.8 (-7)
5.3 (-8) 4.8 (-8)
1.3 (-8) 1.6 (-8)

m .-- ....--........---- ------

: Note: Numbers in parentheses are powers of 10.
All pressures are uncorrected ion gage readings.
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TABLE 18

m, CT OF  GES 0. GAS

TESTS MADE ON MAY 12 and 13_ 1966

,on i0"I0 System

Uncorrected Ion Gage
Readings Torr

i

aage _le _ge
Po P1

lul i L

0.74 0.7

Pressure

Range
0_ultiplier)

i0-5

1.2 -1.2 10 -5

0.76 0.66 I0-5

02 CO2
.,.m,m.

Emission

5 ma 97.0 1.2

1 ma 97.6 1.0

0.1 ma 97.5 1.0

Gas Composition
Molar Percent

CO H20 He

1.6 0.2 0 0

1.3 0.I 0 0

1.4 0.i 0 0

0.62 O. 6

I.I i.i

0.65 0.71

10-6 5 ma 93.8 2.1

I0-6 1 ma 94.4 2.0

10-6 0.i ma 95.0 2.0

3.0 0.7 0 0.4

2.8• 0.5 0 0.3

2.3 0.5 0 0.2

0,62 1.2

1.0 1.7

0.8 1.7

10"7 5 ma 76.5 6.0

10 -7 1 ma 80.5 4.9

10 -7 0.i ma 81.7 6.5

8.2 3.6 0 5.7

8.2 2, 6 0 3.S

6.8 2.1 0 2,9

Notes: Oxygen admitted through silver leak.
Quartz furnace maintained at 980°C.

System empty (no specimen in place).

Vacuum maintained between the two walls of quartz furnace.

quartz gase (P3) had burned out; therefore, no P3 readings
are available.
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TABLE 19

EFFECT OF ION GAGES ON GAS COMPOSITION

Tests made on May 18 a 1966

on I0 "8 System

Uncorrected Ion Gage Pressure Range Gas Composition

Readings Torr (l_itlpller) Emission Molar Percent

Pump Ca. Sample Ga. Quartz Ga.

Po Pl P3 02 CO 2 C0

1.3 1.4 1.2 10-5 i ma 97.3 2.4 0.3

1.4 1.5 1.2 10-6 I ma 96.3 3.2 0.5

1.6 1.6 1.4 10 -7 5 ma 75.5 19.0 5.5

I'.5 1.4 1.2 10 -7 I ma 78.0 18.1 3.9

i.6 1.6 1.4 10 -7 0.1 ma 85.9 12.0 2.1

1.7 1.7 Off 10 -7 1 ma 89.2 8.7 2.1

1.7 Off Off 10-7 1 ma 93.3 5.7 1.0

Off Off Off * -- 96.0 3.5 0.5

*A11 gases were off, but conditions were held constant, so it is presumed that pressures

remained constant.

Notes: H20 , He and H2 were negligible

0 2 Admitted through silver Ieak

System empty (no specimen in place) and entire system at

room temperature
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8. ION GAGE CALIBRATIONS FOR OXYGEN

The three ion gages used in each system (referred to as the "system" ion

gages) were calibrated in the following manner. First, two special ion gage

tubes and their respective control panels (referred to as the "secondary

standard" ion gages) were sent to an independent laboratory for calibration.

Each "secondary standard' ion gage tube was accompanied by its own individual

control panel so that the characteristics of the control panel -- as well as

the gage tube -- would be included in the calibration. The calibration of

tw__osecondary standards permitted periodic checks of one against the other,

increasing the confidence level of each subsequent gage calibration; in

addition, the risk of losing the calibration because of the malfunction of

a single tube or panel was reduced.

After calibration of the secondary standards, both secondary standards and

the three system gages were mounted in close proximity on a manifold as shown

in Figure 9. The reason for close-mounting the gages is to reduce error from

either gage pumping or system outgassing. Readings from all five gages were

then taken at several steady-state pressure levels in each decade of pressure.

The "true" pressure at each level was then taken as the arithmetic average of

the corrected pressures of the tw_ secondary standards.

There were three different calibrations used during the program. Each is

described in the sections which follow.

8-1. Previous Calibration (Oxygen Gas)

At the beginning of the program there was a calibration in existence

from the previous program; this calibration is given in the Final Report

covering the period 22 January 1964 to 22 January 1965, NASA Contract NAS 3-4169.

That calibration was made with emission currents of both the system gages and

the secondary standards of 0.i milliamp. The reason for this low emission

current was to reduce gage pumping errors.
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Figure 9. Photograph of Gages Mounted for Cal ibrat ion 
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The calibration was used for the first two exposures, after which a

new calibration at increased emission was generated.

8-2. First Calibration (Oxygen Gas)
Jl

The first calibration made during the present program was performed

to increase the emission current of the system gages to 1.0 milliamp (the

reasons for this were given in Section 3-3 "Instrumentation"). No new

calibration of the secondary standards was made at this time. Results of

the calibration are given in Tables 20 and 21, and plots are given in Figures

i0 through 15. For the 10 -5 torr range, an extrapolation of the curves had

to be made.

8-_. Second Calibration (Oxygen Gas)

In preparation for the second calibration, both secondary standard

gages were sent to an independent laboratory (AVCO Corporation, Wilmington,

Massachusetts) for recalibration. The AVCO calibration was made in the

decades 10 "7, 10 "6, and 10 -5 torr, and had an estimated error limit of + i07o
I

of reading. Plotted results of the AVCO calibration are given in the

Appendix, Section 9-3.

Results of the second calibration are given in Tables 22 and 23, and

plots are given in Figures 16 through 21.
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True Pressure

(torr) ,,

/
1.04 x I0"8 tort

I.64

2.07

4.4

6.22

1.08 x 10"7 tort

1.75

3.1

4.8

8.95

1.7 x 10 -6 torr

2.53

5.05

7.3

9.75

1.2 x 10-5 tort

1.71

2.23

TABLE 20

FIRST CALIBRATION m ION GAGES
WITH C. V,C. CONTRi)L PANELS

OXYGEN GAS

,'Q,' ,,p,,

ion gage ion gage
Panel 3016 Panel 7087

(P3) (Po)

2.3 x 10-9 tort 2.3 x 10-9 torr

9.5 9.6

1.6 x 10 -8 torr 1.65 x lO'8torr

2.4 2.35

6.0 6.25

8.55 8.85

1.55 x i0"7 tort 1.55 x i0"7 torr

2.6 2.6

4.7 4.55

8.1 8.0

1.6 x 10-6 torr 1.4 x 10-6 torr

2.7 2.45

3.95 3.85

7.5 7.4

1.0 x 10-5 torr 1.0 x 10-5 tort

1.4 1.3

1.6 1.7

2.3 2.35

2.95 3.0

|IS1!

ion gage
Panel 9097

@1 )

1.8 x 10-9 torr (02 oft)

8.7

1.55 x 10"8tort

2.2

5.5

7.75

1.35 x 10 -7 torr

2.1

3.8

6.45

1.2 x 10-6 torr

2.15

3.0

5.9

8.0

1.0

1.4

2.0

2.55
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TABLE 21

FIRST CALIBRATION_ ION GAGES
WITH G. E. CONTROL PANELS

OXYGEN GAS

"Q" "P" "S"

ion gage ion gage ion gage
Panel 40011 Panel 50004 Panel 40012

True Pressure

(torr) (P3) (Po) (Pl)

_' 1.3 x lO -g tort 1.3 x lO "9 tort 1.1 x 10 "9 torr (0 2 off)

2.20 1.5 1.7 1.25

2.44 1.7 2.0 1.4

4.93 3.3 4.9 2.4

7.45 5.0 7.4 3.5

9.3 6.0 9.0 4.2
1.2 x 10-8 torr 8.4 1.2 x 10-8 torr 5.9

1.63 1.0 x 10 -8 torr 1.5 7.8

1.91 1.2 1.7 9.4 -8
2.09 1.4 1.85 1.0 x I0 torr

2.47 1.6 2.1 1.2

4.9 3.2 3.7 2.7

5.13 3.4 3.95 2.9

5.73 3.8 4.3 3.3

8.0 5.4 6.0 4.8

9.4 6.4 7.0 5.7
1.04 x 10-7 torr 6.9 7.5 6.3

1.16 7.35 8.0 -7 6.7
1.4 1.0 x 10 -7 torr 1.0 x i0 torr 9.4

1.69 i.I 1.2 i.i x 10-7 tort

2.23 1.45 1.5 1.4

3.98 2.55 2.7 2.6

5.8 3.9 4.1 3.9

6.1 4.2 4.3 4.2

8.85 6.05 6.2 6.05

9.2 6.3 6.5 6.3
1.06 x 10-6 torr 7.25 7.5 7.3

1.8 1.2 x 10-6 torr 1.2 x 10-6 torr 1.2 x 10-6 torr

2.03 1.3 1.35 1.3

2.93 1.9 1.95 1.9

3.95 2.55 2.6 2.55

5.4 3.5 3.5 3.45

6.4 4.0 4.05 4.0

9.5 5.9 5.9 5.8
-5

i. 015xlO torr 6.2 6.25 6.15

1.25 7.6 7.7 7.55

1.3 8.0 8.05 7.9

1.32 8.2 8.2 8.1
9.1 9.2 8.95

1.5 9.1 9.2 9.0

9.3 9.05
9.2 -5 -5 -5

2.08 1.25x i0 tort 1.25x I0 torr 1.2 x i0 torr
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Figure ii.

3 4 5

CALIBRATION CURVE FOR OXYGEN GAS

ION GAGES WITH C.V.C. CONTROL PANELS

10 -7 Tort Pressure Range

Emission Current = 1.0 milliamp

Calibration Date: 25 June 1965

6 7 8

G = Pump Ion Gage (po) with C.V.C.
Control Panel No. 7087.

Q = Sample Ion Gage (pl) with C.V.C.
Control Panel No. 9097.

A = Quartz Ion Gage (p3) with C.V.C.
Control Panel No. 3016.

UNCORRECTED CONTROL PANEL READINGS (TORR)

(Multiply Numbers by I0 "7)

9 ]0

9

8

7

!
2 3 4 5 6 7 8 9 10

-7
First Gage Calibration, C.V.C. Panels, 10 Range.
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First Gage Calibration, C.V.C. Panels, 10 Range.
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CALIBRATION CURVE FOR OXYGEN GAS

ION GAGES WITH G. E. CONTROL PANELS

10 -8 Torr Pressure Range

2 3
"True" pressure is taken as the arithmetic

average of the corrected readings of the

two secondary standard gages.

Emission Current = 1.0 milli@mp

Calibration Date: 18 June 1965

D = Pump Ion Gage (p_) with G.E.

Control Panel No_ 50004.

Q = Sample Ion Gage (pl) with G.E.

Control Panel No. 40012.

= Quartz Ion Gage (p3) with G.E.

Control Panel No. 40011.

UNCORRECTED CONTROL PANEL READINGS (TORR)

(Multiply Numbers by 10 -8 )

2 3 4 5 6 7 8 9 10

Figure 13. First Gage Calibration, G.E. Panels, 10 -8 Range.
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CALIBRATION CURVE FOR OXYGEN GAS

ION GAGES WITH G.E. CONTROL PANELS

10 -7 Torr Pressure Range
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"True" pressure is taken as the arithmetic

average of the corrected readings of the

two secondary standard gages.

Emission Current = 1.0 milllamp

Calibration Date: 18 June 1965

11

Pump Ion Gage 7

Ll_llll_

IiTIllIIF

J_ iEL

7ITIT]lF

- Pump Ion Gage (po) with G.E.
Control Panel No. 50004.

O I Sample Ion Gage (pl) with G.E.
Control Panel No. 40012.

& - Quartz Ion Gage (p3) with G.E.
Control Panel No. 40011.

_T

Li!

Figure 14.

UNCORRECTED CONTROL PANEL READINGS (TORE)

(Multiply Numbers by 10 -7 )

-7
First Gage Calibration, G.E. Panels, 10 Range.
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CALIBRATION CURVE FOR OXYGEN GAS

ION GAGES WITH G.E. CONTROL PANELS

10 -6 Tort Pressure Range

2 3 4

"True" pressure is taken as the arithmetic

average of the corrected readings of the

two secondary standard gages.

IIIII

2

= 1.0 milliampi

-6
Figure 15. First Gage Calibration, G.E. Panels, i0 Range.
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TABLE 22

SECOND CALIBRATION

C.V.C. Panels and G. E. Tubes

which were on 10 -8 system from

Exposures No. i through No. 8_ and

which were on I0 "IU system

ntarting with Exposure No. II.

Calibration of 31 January 66

". _ _'. (oxygen gas2_
_ _ m _rJ016 #7087 #3010

Q p s

7.6 (-5) I.i (-4) 6.1 (-5) I.i (-4) I.i (-4) 1.53 (-4) '1.8 (-4) 1.8 (-4)

4.2 " 6.5 (-5) 3.5 " 6.4 (-5) 6.45 (-5) 7.9 (-5) 9.5 (-5) 9.5 (--5)

3.1 " 4,9 " 2.6 " 4.8 " 4.85 " 5.9 " 7.0 " 7.0 "

2.2 " 3.6 " 1.9 " 3.5 " 3.55 " 4.35 " 5,15 " 5.1 "

1.4 " 2.35 " 1.2 " 2.2 " 2.27 " 2.75 " 3.4 " 3.4 "

7.6 (-6) I.i " 6.2 (-6) 1.05 " 1.07 " 1.35 " 1.7 " 1.7 "

9.2 " 6.4 (-6) 3.5 " 6.1 (-6) 6.2 (-6) 8.3 (-6) 1.0 " 9.2 (-6)

3.4 " 5.3 " 2.9 " 5.1 " 5.2 " 6.5 " 8.05(-6) 7.4 "

2.4 " 3.7 " 2.0 " 3.5 " 3.6 " 4.6 " 5.65 " 5.2 "

1,7 " 2.8 " 1.4 " 2.5 " 2.65 " 3.3 " 4.05 " 3.85 "

9,3 (-7) 1.3 " 7.2 (-7) 1.35 " 1.32 " 1.85 " 2.25 " 2.15 "

6.4 " 9.3 (-7) 5.3 " 9.4 (-7) 9.35 (-7) 1.30 " 1.45 " i_35 "

3.9 " 5.9 " 3.3 " 6.0 " 5.95 " 6.2 (-7) 9.0 (-7) 8.4 (-7)

2.8 " 4.4 " 2.4 " 4.4 " 4.4 " 5.1 " 6.6 " 6.2 "

1.9 " 3.05 " 1.7 " 3.2 " 3.12 " 3.9 " 4.75 " 4.55"

1.4 " 2.3 " I.i " 2.1 " 2.2 " 2.6 " 3.2 " 3.05"

9.3 (-8) * 7.3 (-8) * 1.8 " 2.2 " 2.05"

7.5 " * 6.0 " * 1.4 " 1.7 " 1.6 "

6.6 " * 5.3 " * 1.3 " 1.5 " 1.5 "

2.4 " * 2.0 " * 6.0 (-8) 6.3 (_8) 7.4_-8)

1.6 " * 1.4 " * 4.2 " 4.35 " 5.35"

1.2 " * 9.6 (-9) * 3.15 " 3.15 " 4.75"

5.2 (-7) 7.7 (-7) 4.5 (-7) 8,1 (-7) 7.9 (-7) i0 (-7) 1.4 (-6) 1.3 (-6)

4.25 " 6.4 " 3.70 " 6.7 " 6.55 " 8.3 " i.i " 9.6 (-7)

3.6 " 5.5 " 3.1 " 5.65 " 5.57 " 7 " 8.6 (-7) 8.0 "

1.0 " 1.7 " 8.4 (-8) 1.7 (-7) 2.05 " 2.6 " 2.6 "

1.2 " 1.95 " i.i (-7) 2.1 " 2.02 " 2.45 " 3.0 " 3.0 "

1.5 " 2.45 " 1.3 " 2.45 " 2.45 " 3.0 " 3.8 " 3.8 "

Note: Pressures are in torr. Numbers in parentheses are powers of I0.

Note: Sample Ion gage has a different panel from previous calibration.

* Calibration not made.
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TABLE 23

SECOND CALIBI%ATION

G.E. Panels & Tubes

which were on I0"I0 system

Calibration of 12 Jan 66 (oxygen gas)

i

8.5 (-5) 1.26 (-4) 7.8 (-5) 1.42 (-4) 1.34 (-4) 8.4 (-5) 8.3 (-5) 9.3 (-5)

6.4 " 9.7 (-5) 5.7 " 1.05 " 1.01 " 6.0 " 5.9 " 6.6 "

4.4 " 6.8 " 3.7 " 6.8 (-5) 6.8 (-5) 4.0 " 3.95 " 4.45 "

1.9 " 3.1 " 1.7 " 3.1 " 3.1 " 1.85 " 1.80 " 2.0 "

1.2 " 2.1 " 9.0 (-6) 1.6 " 1.85 " 9.65(-6) 9.6 (-6) 1.05 "

8.1 (-6) i.i " 6.7 " 1.15 " 1.12 " 7.3 " 7.25 " 8.1 (-6)

5.9 " 8.8 (-6) 5.1 " 8.8 (-6) 8.8 (-6) 5.35 " 5.3 " 5.95 "

3.55 " 5.5 " 3.15 " 5.5 " 5.5 " 3.25 " 3.2 " 3.6 "

1.8 " 2.9 " 1.6 " 2.8 " 2.85 " 1.6 " 1.6 " 1.8 "

9.3 (-7) 1.33 " 7.95(-7) 1.38 " 1.35 " 8.15(-7) 8.45(-7) 9.3 (-7)

7.8 " 1.12 " 6.8 " 1.2 " 1.16 " 6.9 " 7.1 " 8.0 "

5.95 " 8.8 ('7) 5.3 " 9.5 (-7) 9.15 (-7) 5.25 " 5.4 " 6.1 "

3.8 " 5.8 " 3.4 " 6.2 " 6.0 " 3.4 " 3.5 " 3.95 "

1.9 " 3.05 " 1.7 " 2.8 " 2.92 " 1.7 " 1.75 " 2.0 "

1.05 " 1.75 " 8.5 (-8) * 9.65(-8) 9.4 (_8) I.i "

8.3 (-8) * 6.7 " * 7.4 " 7.2 " 8.2 (-8)

4.6 " * 3.75 " * 4.4 " 4.15 " 4.7 "

2.7 " * 2.2 " * 3.1 " 2.55 " 3.1 "

1.5 " * 1.3 " * 1.7 " 1.55 " 1.7 "

Note: Pressures are in tort. Numbers in parentheses are powers of I0.

* Calibration not made.
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I0

CALIBRATION CURVE FOR OXYGEN GAS

ION GAGES WITH G.V.C. CONTROL PANELS

10 -7 Torr rres_ure Range

Calibration Date: 31 January 1966

Emission Current 8 1.0 milliamp

4 5 6 7 8 9 10

9

_- Pump Ion Gage (po) with
C.V.C. Control Panel No. 7087

f98 Sample Ion Gage (pl) with
C.V.C, Control Pan_l No. 3010

/An Quartz Ion Gage (p3) with

C.V.C. Control Panel No. 3016

3 4 5 6 7

UNCORRECTED CONTROL PANEL READINGS (TOP,R)

(Multiply Numbers by 10 -7 )

Figure 16. Second Gage Calibration,
-7

C.V.C. Panels, I0 Range.
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.7
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CALIBRATION CURVE FOR OXYGEN GAS

7 8 9 10

C.V.C. CONTRDL PANELS

Tort Pressure Range

3 4 5 6 7

UNCORRECTED CONTROL PANEL READINGS (TORR)

(Multiply Numbers by _0"6}

-6
Figure 17. Second Gage Calibration, C.V.C. Panels, i0 Range.
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CALI_,ATION CURVE FOR OXYGEN GAS

I0N GAGES WITH C.V.C. CONTROL PANELS

-5
i0 Tort Pressure Range

4 5 6 7" 8 9 10

Calibration Date: 31" J@nuary 1966

Emission Current _ 1.0 milliamp

m Pump Ion Gage (po) with
C.V.C. Control Panel No. 7087

Q m Sample Ion Gage (pl) with
C.V.C. Control Panel No. 3010

Am Quartz Ion Gage (pq) with
C.V.C. Control Pan_l No. 3016

1

.9

.8

3 4 5 6 7

UNCORRECTED CONTROL PANEL READINGS (TORR)

(Multiply Numbers by I0"5)

-5

Figure 18. Second Gage Calibration, C.V.C. Panels, I0 Range.
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2 3

Enisslo- Current = 1.0 mi111_

Calibration Date: 12 January 1966

HI = Pump Ion Gage _o ) with G.E.
Control Panel No. 50004

Q = Sample Ion Gage _i) with G.E.
Control Panel No. 40012

A= Quartz Ion Gage _3 ) with G.E.
Control Panel No. 40011

Figure 19.

UNCORRECTED CONTROL PANEL READINGS

_ultiply Numbers _y I0"7)

3 4 5

-7
Second Gage Calibration, G.E. Panels, I0

6 7

Range.

8 9 I0
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_J_,IBL%'II_ CURVE FOiL a_/G'EN C,AS

10N GAGES WITH G.E. CONTROL PANELS

I0 -6 Torr Pressure Range

2

Imlsslon Current - 1.0 milllamp

] I I P d

l I J I II
r

l l I t L

Flgure 20. Second Gage Calibration, G.E. Panels, I0 -6 Range.
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10

9

8

7

2 3

Emission Current = 1.0 milliaIp

Calibration Date: 12 January 1966

E] ffiPump Ion Gage (p^) with G. E.
Control Panel No _. 50004

® = Sample Ion Gage _i) with G.E.
Control Panel No. _0012

A = Quartz Ion Gage _3 ) with G.E.
Control Panel No. 40011

Figure 21.

2

Second Gage Calibration,

_CORRECTED CONTROL PANEL HEADINGS _EO_)

_v_Itlply Numbers by 10 "5)

3 4 5 6 7

-5
G.E. •Panels, I0 Range.

8 9 10
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9. APPENDIX

9-1. Calculation of System Conductance

The conductance between the two flow-measurlng gages consisted of a

specially-prepared length of precision bore tubing. In order to avoid possible

uncertainties in conductance at the ends, the ends were prepared as shown below.

Precision

Bore Tube

!

Ion Gage Tube

KnownConductance

!

Thus, the precision bore was carried all the way to the end of the conductance,

where there was an abrupt end with sharp edges. The conductance of this cylin-

drically-shaped passage can be easily calculated by standard formulas which

have been proven experimentally.

In addition, it was desired to avoid the possibility of any deviation

from the cosine distribution for molecules leaving the walls, as the standard

formulas are based upon this distribution. It has been reported that some

small deviations from cosine have been observed with certain molecules on

glass (i). The inside wall of the conductance was, therefore, roughened by

grit blasting to produce a frosty appearance. The grit blasting removes only

a small amount of glass _bout 0.01 mm), and it is believed that the roughened

surface will assure a cosine distribution.

(i) B. C. Moore_ 'q_easurement of Vacuum in Nonuniform Temperature Environments",

Journal of Vacuum ScienCe and Technology, Vol. i, Sept/Oct,

1964, p. I0-i6.
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The calculation of conductance is as follows. The most accurate equation

takes into account the "Clausing effect" and can be written(l)

Co = B(To/M)½

where 2
7[Do

B = 3.638 K
4

For definition of symbols, see Section 2, "Nomenclature".

There were three different conductances used in the program. One was

used on the 10-8 system for the first exposure only; after that exposure the

conductance tube cracked and was replaced. The second conductance tube was

installed and used for the remainder of exposures on the 10-8 system. The third

conductance tube was installed on the i0 "I0 system and used for all exposures on

that system.

An outline of the various dimensions and results of calculations is

given below:

Conductance Length, Diameter, Clausing Factor, Constant,

Tube No. L o DO K B

i 18.0 cm. 0.9845 cm. 0.0675 0.187

2 18.0 cm. 1.012 cm. 0.0694 0.203

3 16.8 cm. 0.9368 cm. 0.0687 0.172

The conductance, Co, can be calculated for a given exposure from a know-

ledge of the constant B, the conductance temperature for that particular expo-

sure, To, and the molecular weight which for all exposures was 32 _xygen).

Values of B and Co for each exposure are given in Section 6.

9-2. Analysis of Pressure Distribution

The installation of the third ion gage (identified as the "quartz" gage)

measuring P3 in the system, provided an additional means for estimating

(i) S. Dushman and J. M. Lafferty, "Scientific Foundations of Vacuum Technique",

Second Edition, John Wiley and Sons, 1962, p. 93 .......
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the pressure directly over the specimen• In earlier experiments, the specimen

pressure (P2) was estimated by knowing the pressure of the "sample" gage, Pl,

calculating the pressure drop through the tube between the sample gage and the

specimen, and applying a thermal transpiration correction. In predicting

specimen pressure _2) from P3, it should be necessary to use only a thermal

transpiration correction as there should be no net flow of gas between the

specimen and the P3 gage.

Unfortunately, there has generally been a very large discrepancy be-

tween the specimen pressure as predicted by the sample gage (pl) and the

quartz gage (p3) calculations. For this reason a detailed analysis of the

flows and pressures was undertaken. Such an analysis was presented in the

last Final Report _eriod of 22 January 1964 to 22 January 1965,NASA Contract

NAS 3-4169). An improved analysis will be presented herein.

First, the flow rate, Q, is defined by Q = pV. Since the perfect gas

law gives

=

the flow rate can be expressed as

Q- &_ (1)
M

Along a tube with axial variations in temperature, the mass flow

rate (_) remains a constant regardless of the temperature. However, the flow

rate, Q, varies with temperature. If Qo = the flow rate where the temperature

is To, and Qn = the flow rate where the temperature is Tn,

_T n mRT o Tn

or,

Qn- M = M x _oo

Qn = Qo T-_ (2)

An important assumption, whichwas justified in the Final Report refer-

enced above, is that gas, as it flows in molecular flow through a tube, inxne-

diately comes to the temperature of the wall at any cross-section. (This

assumption is based upon the fact that most molecules bounce back and forth
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between tube walls, and only slowly travel down the tube in the direction of

net flow).

As a result of this assumption, a thermal transpiration relationship

can be applied across the edge of the furnace, from pressures PA to PB (see

sketch in Section 2, "Nomenclature"). Thls relationship can be written(1): _

(pA/PB) = (TILT2) 1/2 (3)

The following two equations can be written from the definition of conductance,

C:

QI = Cl (Pl - PA) (4)

Q2 = C2 (PB " P2) (5)

Equations (3), (4), and (5) can be combined, eliminating PA and PB

to give:

(6)

Equation (2) can now be used to put Qland Q2 in Equation (6) in terms

of Qo to yield 1/2 1/2
Qo CEIT2) Qo T2

Pl -- Cl To C2 To (7)

Thls equation gives the predicted pressure directly over the specimen

as a function of the flow rate, temperatures, conductances, and PI"

The conductance of a tube in molecular flow is given by the following

equations(2)::

o3i 1112C I = 3.81 L---_

C2 ffi 3.81 --
L2

(8)

(9)

(I) S. Dushman and J. M. Lafferty, "Scientific Foundations of Vacuum Technlque",

Second Edition, John Wiley and Sons, 1962_ p. 59.
(2) Ibid. p. 88.
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If Equations 8 and 9 are substituted into 7, there results finally:

(T 2 )1/2 Qo L (MT2) i/2 (I0)
P2 = Pl TI -- 3.81D 3 TO

where D is the diameter of the quartz tube containing the specimen, and:

Qo = Co(Po - Pl) (ii)

and where, for the i0 -I0 system

CO = 0.172 (To/M) I/2 (12)

Thus, the pressure over the specimen can be predicted from a knowledge

of Po' PI' the various temperatures, and the system geometry! l) .

On the other hand, the pressure P2 can be obtained from P3 by a simple

thermal transpiration correction:

T2 ) 1/2P2 = P3 -_3 (13)

These equations will now be applied to the data of Exposure Iio The

values assumed are:

To = 313°K (40°C)

T I = 313°K (40°C)

T2 = 1253°K (980°C)

T3 ffi313°K (40°C)

D = 2.76 cm

L ffi36 cm

Pressures are in torr, and numbers in parentheses are powers of ten:

(i) The pressure over the specimen was assumed to be that existing at the

center of the specimen. No attempt is made here to account for the

presence of the specimen itself on the pressure distribution.
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P2 from P2 from

Phase Po Pl P3 Eqn. i0 Eqn. 13

2 5°9(-5) 5.0(-6) 5.8(-7) 1.66(=6) 1.16(-6)

3 1.0(-5) 1.08(-6) 1.3 (-7) 7.80(=7) 2.6 (=7)

4 5.1 (=6) 4.8 (-7) 8°4(-8) 2.45(-7) 1.68(=7)

5 1.94(-6) 2.2 (=7) 403(-8) 1.74(-7) 0.86(-7)

7 6.7(-7) 8.4(-8) 207(-8) 7.74(-8) 5.4 (-8)

8 3.2(-7) 5.0 (=8) 1.75(-8) 5.83(-8) 3.5 (-8)

9 1.5(-7) 3.9(=8) 1.48(-8) 6.08(-8) 2.96(-8)

It is apparent that predictions of P2 from Equation i0 tend to be higher

than those predicted from Equation 13, by a factor of from 1.6 to 3.0, but

generally around 2.0. This is considerably better than results of last year,

possibly because of the larger diameter of quartz tube in this year's appar-

atus, reducing the pressure drop between Pl and P2"

9-3. Calibration of Secondary Standard Gases

In December, 1964, the two secondary standard gages were sent to the

AVCO Corporation, Wilmington, Massachusetts, for recallbrationo Calibrations

were obtained with both oxygen and nitrogen, in case nitrogen would be used

later in the program.

The calibrations were obtained in the 10 -7 10 -6 and 10-5 torr ranges

The low 10-7 torr pressure was as low as the AVCO apparatus would permit.

The estimated limit of error was + i0_.

Results are presented in Figures 22, 23, and 24. One secondary stan-

dard gage tube is designated No. i0, and the other is No. II. Each gage tube

was always used only with its individual control panel. In order to reduce

the possibility of inaccuracies, the secondary standard gage tubes and con -_

trol panels were used only for calibration of the system gages, and not for

any other purpose.
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10

9

8

7

CALIBRATION ]I%TA FEOM AVUO CORPORATION

--SECONDARY STANDARD ION CAGES--

10-7 Torr PresSure Pange

2 3

Calibration Dates: Dec. 8 and Dec. 15, 1965

_Isslon Current = 1.0 mlllfamp

llec_dary Standard Ion Gage No. 10
with G. E. Control Panel No. 40002t

®- Oxyg-- Gas

/_- Nitrogen Gas

Becondary Btandxrd Ion Gage No. 11
with G. E. Control Panel No. 30013:

[]- OLTge_ Gas

Q - Nitrogen Gas

Figure 22.

7 8 9 10

-127-



CALIBBATION DATA lV_0MAVCO COBPOPATTON

--SECON_RY STANDARDION CAC_S--

10 -6 Torr Pressure Range

1(

9

8

7

Calibration Dates: Dec. 8 and Dec. 15, 1965

i_ remission Current - 1.0 milliamp

Secondary Standard Ion Gage No. 10
with G. E. Control Panel No. 40002:

Q- Oxysen Gas

/_- Nitrogen Gas

Secondary Standard Ion Gage No. 11
with G. E. Control Panel No. 30013:

D - Oxygen Gas

_) ,, Nitrogen Gas

J!iiii
::',::;

:;;;;;

: : :4t-+

::;;::

UlqCO]U_CTED CONTROLPANEL B_DING6 (TO_)

04ulCiply Numbers by 10"6)

3 4 5 6 7

-6
Figure 23. Secondary Standard Calibration, 10 Range.

8 9
1

10
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10

9

8

7

2 3

Calibration Dates: Dec. 8 and Dec. 15, 1965

Jmlasion Current = 1.0 mill_

6

!

5

Secondary Standard Ion Gage No. 10
with G. E. Control Panel No. 40_2_

Q-- Oxygen Gas

A= Nitrogen Gas

Secondary Standard Ion Gage No. 11
with G. E. Control Panel No. 30013:

= Oxygen Gas

Q = Nitrogen Gas

Figure 24.

2

Secondary Standard Calibration,

UIEORRECTED CONTI_L PANEL HEADINGS CEO_)

_qultiply Numbers-by 10 "5)

3 4 5 6

-5
I0 Range.

7 8 9 10-
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9-4° Li_t of Previous Reports

The previou_ reports on this subjec% wlhich we:re prepared by the

Cener_l ELectric Company for the Nation_l Aer_n_utic_ _nd Sp_ce Administration

_re li_[ed below.

I. Contamination Exposures of Cb-iZr Specimens 3 Fi:a_l Report for

NASA Contract NAS 3-1903_ Covering the Period Sept. 83 1961

to June 223 1962.

2. Contamination Exposures of Cb-lZr Speclmens 3 Final Report for

NASA Contract NAS 3-1903_ Covering the Period Jan. 2_ 1963 to

July 3_ 1963, Rapt. No. GE63FPD306.

3. Cont_%mination Exposures of Col umbium and Cb-IZr Alloy Specimens_

Final Report for NASA Contract NAS 3-4169 Covering the Period

Jan. 22, 1964 to Jan. 223 1965, Rept. No. DMS65-2.
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